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GENERAL INTRODUCTION 
Swine dysentecy is a disease of swine chacactecized 
by mucohemocchagic diacchea, that can result in 
dehydcation and death (10). Most countcies with modecn 
swine pcoduction cepoct the occuccence of swine dysentery 
(60). The etiologic agent of the disease was shown to be 
an anaecobic spicochete given the name Treponema 
hyodysenteciae (27,96). The ocganism has been 
extensively studied and yet swine dysentecy remains a 
secious health pcoblem for the pork industry. Affected, 
untreated herds may experience up to 90% morbidIty and 
25% mortality (24). 
Resistance to swine dysentecy has been shown to 
develop in pigs experimentally infected with T. 
hyodysenteriae and allowed to fully recover (23,39,72). 
However, the mechanism of acquired resistance was not 
determined. A specific IgG response to the organism has 
been detected in ligated colonic loops fcom convalescent 
pigs (41) however, the mechanism of resistance to swine 
dysentery In the intact large intestine of the pig has 
not been examined. 
A non-pathogenic anaerobIc spirochete is often 
present in the large intestine of swine and has been 
named Treponema innocens (49). The presence of this 
organism in the nocmal swine colon can complicate the 
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identification of T. hyodysenteriae. A simple method of 
differentiating the two species is needed. 
The present investigation focused on three areas. 
These were 1.) an examInation of the outer membrane 
proteins of T. hyodysenteriae, 2.> investigations of the 
mechanism of resistance to infection by ~. hyodysenteriae 
in convalescent pigs and 3.) evaluation of monoclonal 
antibodies to protect mice from infection with ~. 
hyodysenteriae. 
ExplanatIon Qf dissertatioo format The 
alternative format has been used for this dissertation, 
which includes three manuscripts. Two of the manuscripts 
were written in the style of Infection and Immunity. The 
third manuscript was written In the style of The American 
Journal of Veterinary Research. The first manuscript is 
entitled "Analysis of Outer Membrane Components of 
Treponema hyodysenteriae and Treponema Innocens". The 
second manuscript is entitled "The Immune Response of 
Swine to Antigens of Treponema hyodysenteriae". The 
third manuscript is entItled "Serotype Specific 
Protection of MIce from Infection wIth Treponema 
hyodysenteriae with Monoclonal Antibody". This 
dissertation also contains three appendices. The first 
appendix is entItled "Monoclonal Antibodies ReactIve to 
Treponema hyodysenteriae and Treponema Innocens". The 
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second appendix is entitled "APIZYM Reactions of 
Treponema hyodysenteriae and Treponema innocens 
Isolates" . The third appendix is entitled "Investigation 
of Age-related Response of Pigs to Antigens of Treponema 
hyodysenteriae." 
A literature review precedes the first manuscript 
and a general summary follows the last manuscript. 
Literature cited in the general introduction, literature 
review and general summary are cited in a literature 
section fol lowing the general summary. Literature cited 
in a manuscript fol lows the manuscript. 
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LITERATURE REVIEW 
Background characteristics of Treponema 
hyodysenteriae The disease swine dysentery was first 
described by Whiting et al. in 1921 (103). In 1944 Doyle 
(9) suggested that the causative agent was Vibrio coli, 
however, as reviewed by Harris and Glock (25), subsequent 
investigators failed to reproduce the disease with this 
organism. Research focused on anaerobic spirochetes as 
the causative agent of the disease after Terpstra et al. 
(98), described spirochetes in the intestines of pigs 
suffering from swine dysentery. Taylor and Alexander 
(96) and Harris et al. (27) isolated the organism which 
was named Treponema hyodysenteriae. This spirochete was 
described to be 6 - 8.5 um long, 0.32 - 0.38 um wide, 
with 7 - 9 axial fibrils attached at each end of the 
organism which overlap near the middle of the 
protoplasmic cylinder (50). When incubated anaerobically 
on blood agar media, these spirochetes produced zones of 
strong beta-hemolysis. Similar organisms, which were not 
pathogenic for pigs were reported by Taylor and Alexander 
(96). These organisms also produced less complete beta 
hemolysis on blood agar than the pathogenic isolate. 
Subsequently Kinyon et al. (51) found weakly 
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beta-hemolytic spirochetes in 334 pigs from five herds, 
representIng 20-40% of the total number of pigs tested. 
Thirteen of these weakly beta-hemolytic isolates were 
administered to 2-week old specific pathogen free (SPF) 
pigs. All 13 isolates were found to be non-pathogenic 
(50). In 1979, Kinyon and Harris described these 
non-pathogenic spirochetes as a new species, Treponema 
Innocens (49). This species was found to be 
morphologically similar to and serologically 
cross-reactive with T. hyodysenteri~e. 
The main criterion for differentiating between the 
two species has been the hemolytic properties of the 
organIsms on blood agar. Other criteria have been 
described including: indole production, 
enteropathogenicity in mice, enteropathogenicity in 
ligated colonic loops of swine or rabbits, and reactions 
in the APIZYM system (described in this work). I. 
hyodysenteriae strains were found to produce indole whi Ie 
T. innocens strains did not (48). Pathogenicity tests to 
dIfferentiate these two species requires Identification 
of gross or microscopic evidence of cecal lesions at 
postmortem (45). Enteropathogenicity in ligated colonIc 
loops of the rabbit (52) or swine (101) caused an 
accumulation of fluid, gross hemorrhagic lesions in the 
intestinal mucosa and the presence of spirochetes in the 
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lesions which could be identified by darkfield 
microscopy. 
The APIZYM system is a procedure which may be used 
to differentiate T. hyodysenteriae from T. innocens on 
the basis of enzymes possessed by the organisms. Hunter 
and Wood (36) were the first to use this system and found 
a number of differences between pathogenic and 
non-pathogenic spirochetes isolated in Great Britain. 
Recently the APIZYM system was used to evaluate enzyme 
differences between a number of strains of T. 
hyodysenteriae and I. innocens (see Appendix 2). 
Pathogenic strains consistently lacked an alpha 
galactosidase which was present in ~ innocens. 
Serotypes of T. hyodysenteriae Gram-negative 
bacteria, particularly Salmonella sp., have been 
serotyped on the basis of the antigenic diversity of 
their lipopolysaccharide (LPS). Lipopolysaccharide is 
found only in the outer membrane of Gram-negative 
bacteria. With Salmonella sp. the serotype specific 
antigens were found in the O-polysaccharide portion of 
the LPS molecule (69). 
This method of serotyping was used to evaluate 
serologic differences between T. hyodysenteriae strains 
(4). Hot phenol/water extraction was used to isolate a 
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wate~-soluble antigen f~om pathogenic T. hyodysente~iae 
st~ains. These antigens we~e used in aga~ gel diffusion 
tests with antise~a p~oduced in ~abbits against whole 
cel Is. Fou~ se~otypes of T. hyodysenteriae were 
desc~ibed. In 1985, Mapothe~ and Joens (64) p~oposed 
th~ee new se~otypes of T. hyodysenteriae. Although the 
authors noted some c~oss-~eactivity with hype~imrnune 
rabbIt sera, specific precipitation reactions could be 
obse~ved. Lemcke and Bew (56) have also desc~ibed th~ee 
new serotypes of I. hyodysenteriae based on agglutination 
studies with hype~imrnune ~abblt se~um. It is unknown if 
theses new se~otypes desc~ibed by Lemcke and Bew (56) a~e 
the same as those desc~ibed by Mapothe~ and Joens (64). 
There is a need for a ~ellable test that would allow for 
se~otyping T. hyodysenteriae isolates from around the 
wo~ld. 
Diffe~ent colony types of I. hyodysenteriae have 
been desc~ibed. The five colony types observed were: (1) 
G~owth beneath the su~face of the agar, (2) colorless, 
t~anspa~ent, ci~cula~, flat colonies with st~ong swarming 
activIty, and with a diameter of 1 - 2 mrn, (3) colorless. 
t~anspa~ent, ci~cula~, convex colonies with entire edges 
and some swarming activity and a diameter of 1 mrn, (4) 
colo~less, transpa~ent, circula~ convex pin-point 
colonies with entire edges and a dIameter of 0.2 - 0.5 
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mrn, (5) colorless, transparent, irregular colonies with 
slightly raised margins, entire edges and a diameter Of 1 
-3 mrn. Colony types were evaluated after incubation for 
four days at 41.5 C in an atmosphere of 50% CO~ and 50% 
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hydrogen on trypticase soy agar with 5% calf blood, 400 
ug/ml spectinomycin and 5 ug/ml polymyxIn (30). Others 
have descrIbed two biotypes of T. hyodysenteriae. Both 
biotypes are pathogenic. Biotype 1 organisms are 
beta-hemolytic, produce indole, do not ferment fructose 
and cause a mucohemorrhagic dIarrhea. The biotype 2 
organisms are weakly beta-hemolytic, have variable indole 
production, and fructose fermentation and cause a 
grey-green diarrhea (6). 
Resistance 1Q swIne dysentery ResIstance to 
swine dysentery in convalescent pigs after several 
exposures to infected feces was first reported by Olson 
in 1974 (72). Joens et al. (39) reported immunity to 
challenge with pure cultures of T. hyodysenteriae in pigs 
that had recovered from swine dysentery. These had been 
previously infected with the same isolate 4 to 17 weeks 
earlier. Of 29 convalescent pIgs in this study, 13 
developed diarrhea but only 2 developed dysentery. 
However, 23 of 28 controls developed dysentery, 10 of 
whIch died. Using a microagglutination test with whole 
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cells of T. hyodysenteriae as the antigen, these authors 
showed that the convalescent pigs had seroconverted after 
initial exposure and maintained a high serum antibody 
titer for up to 8 weeks. Only 6 of 29 convalescent pigs 
were found to shed the organism but shedding was detected 
for up to 25 days after Initial exposure. The authors 
concluded that a low level of T. hyodysenteriae in the 
large IntestIne of recovered pigs stimulates the Immune 
system and provides the pig with adequate protection 
against rechal lenge wIth T. hyodysenteriae. An 
anamnest i c seru"m an t i body response was demonstrated in 
previously challenged, convalescent pigs upon 
recha I I enge . 
It has been reported that treatment of acutely 11 I 
animals with antibiotics decreases the amount of antigen 
available to induce protective Immunity (23,37). 
However, repeated treatment of pigs, exhibiting clInIcal 
signs of swine dysentery, with the antibiotic tiamulin 
for 2 to 10 days followed by drug withdrawl resulted in 
the swine becoming immune to a subsequent challenge (73). 
It was hypothesized that drug withdrawl permitted the 
reoccurrence of diarrhea that was necessary to stimulate 
immunity. If the pigs recover naturally without 
antibiotics, a protective Immune response can be 
maintained. However, If the animals are stressed by poor 
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management, disease, or transportation, clinical symptoms 
may reappear. 
In 1983, Joens et al. (46) reported that immunity 
was serotype specific in ligated colonic loops of pigs 
convalescent for 35-50 days after experimental infection 
with T. hyodysenteriae. By inoculating colonic loops of 
these pigs with the homologous or heterologous T. 
hyodysenteriae serotype, less pathology was demonstrated 
in loops which received the homologous serotype. Upon 
necropsy no organisms were found in the crypts of these 
loops and fewer T. hyodysenteriae were observed on the 
mucosal surface of these loops than in loops challenged 
with a heterologous serotype of I. hyodysenteriae. Serum 
from these pigs did not protect mice or ligated colonic 
loops of swine when they were challenged with 
heterologous T. hyodysenteriae serotypes. In conjunction 
with complement, serotype specific serum antibody 
inhibited in vitro growth of T. hyodysenteriae, which was 
noted as a decrease in the colony forming units/ml, by 
several orders of magnitude (46). Nuessen and Joens 
(71) reported that antIsera from convalescent pIgs was 
opsonic for treponemes of the homologous serotype. In 
additIon, Taylor and Stevenson (94) have shown that 
serotype specific serum antibody wIll prevent the 
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colonization of mucosal explants by the homologous 
organism. 
In contrast, it has been reported that pigs that had 
recovered from swine dysentery caused by one serotype 
exhibited some immunity to infection after challenge with 
a heterologous serotype (11). This observation was 
substantiated by Joens et al. (42) who showed passive 
protection in swine colonic loops with heterologous 
antibody and complement. An immune response to 
treponemal lipopolysaccharide, which is the serotype 
antigen in I. hyodysenteriae strains, is therefore 
important in protection against swine dysentery. 
However, LPS may not be the only bacterial product 
inducing a protective immune response. 
Vaccination to establish immunity A common 
method of immunization of animals against bacteria 
induced diseases is by the administration of formalized 
bacterins. These killed, whole cell vaccines are often 
mixed with adjuvants and given intramuscularly or 
subcutaneously. Unique antigen preparations and routes 
of administration have been used in the effort to protect 
pigs from swine dysentery. Hudson et al. (32) attempted 
to protect 8 pigs by administering an oral vaccine on 3 
successive days using an attenuated strain of I. 
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hyodysenteriae (strain A1). However, no protection was 
demonstrated in the vaccinates fol lowing challenge with a 
virulent strain. However, Glock et al. (20) reported 
acquired resistance to swine dysentery after parenteral 
vaccination of pigs with a formalin-kil led suspension of 
pathogenic T. hyodysenteriae 6 times, every 6 days, over 
a period of 36 days. Dysentery was observed in only one 
of eight vaccinated pigs and none died. Three of the 
eight control pigs died of complications associated with 
swine dysentery. These studies demonstrated that 
immunization of swine could eliminate mortality caused by 
I. hyodysenteriae and greatly reduce the associated 
morbidity. 
Lysons et ale (62) attempted to improve the 
protection to I. hyodysenteriae induced through 
vaccination by combining oral and parenteral 
vaccinations. Pigs were primed with an intra-muscular 
(i.m.) injection of formalin killed I. hyodysenteriae 
strain P18A suspended in adjuvant (Marcol 52/Arlacel A). 
This injection was followed by 3 oral doses of live 
avirulent I. hyodysenteriae strain VS1. A second i.m. 
injection of killed P18A was given 3 weeks after the 
first. This regime resulted in protection of 83% of the 
pigs from cl inical swine dysentery after challenge with 
P18A as compared with 41% protection provided by two i.m. 
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injections alone. Their hypothesis was that the 
colonization of the colon/cecum was necessary to induce 
sufficient stimulation of the immune response to produce 
protection. Therefore, colonization with the live 
avirulent ~. hyodysenteriae may mimick the natural course 
of the infection and induce protection similar to that 
observed in convalescent pigs. 
A subunit vaccine has been used experimentally in an 
attempt to protect pigs from swine dysentery. Peterson 
(77) immunized pigs with subcellular material derived 
from the outer envelope of T. hyodysenteriae. These 
outer membrane fractions failed to protect pigs against 
subsequent challenge with T. hyodysenteriae. However, 
one group of pigs immunized intraperitoneally (i.p.) with 
an immunoprecipitate of T. hyodysenteriae cell wal I 
proteins and rabbit anti-~. hyodysenteriae antibodies had 
a greater weight gain than controls. There is no 
effective vaccine for the prevention of swine dysentery 
even though there has been much effort devoted to develop 
one. A better understanding of the immune response of 
pigs to T. hyodysenteriae infection would aid in the 
incorporation of important virulence attributes of the 
organism into an effective vaccine. 
Passive immunity to swine dysentery has been 
reported in pigs. For example, Genho et al. (15) 
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LepoLted limited immunity to swine dysenteLY in pigs 
injected i.m. with pLecipitated globulins fLom 
convalescent swine. SchwaLtz and Glock (89) also 
LepoLted passive Lesistance in swine which weLe given 
injections of seLum fLom convalescent, hypeLimmunized 
pigs. Swine Leceiving immune seLum weLe obseLVed to have 
a delay in the onset of clinical signs <14.6 days) 
fol lowing expeLimental infection in compaLison to the 
appeaLance of signs in swine Leceiving non-immune seLum 
(3.4 days), The usua 1 i nCt..lba ti on peL i od tOt· Ul(: cj i ~_;(."~l~';l'..' • 
befoLe the development of clinical signs, is 10 to 14 
days (26) which indicates the immune seLum did not have a 
cleaLing effect on the oLganism. These authoLs also 
demonstLated that immune seLum to a heteLologous stLain 
of I. hyodysenteLiae failed to pLotect pigs fLom 
cha 11 enge. 
PeteLson (77) LepoLted that 3 of 5 sows convalescent 
afteL swine dysenteLY, pLovided lactogenic pLotection to 
nULsing piglets. The sows with pLotected piglets had 
higheL titeLs of IgA in theiL milk to vaLious outeL 
envelope fLactions of I. hyodysenteLiae than did the milk 
fLom sows whose piglets developed the disease. It was 
not established what antibodies weLe impoLtant in this 
passive pLotection. In addition, the piglets became 
susceptible to I. hyodysenteLiae infection afteL weaning 
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upon challenge. This indicated that the piglets had not 
developed protective immunity even though they had been 
previously challenged with the organIsm whIch was 
apparently cleared by the lactogenic antibody. This 
would support the hypothesis of Lysons et al. (62), that 
sufficient replication of the organism must take place in 
the colon in order to induce protective immunity to 
antigens of T hyodysenteriae. 
Diagnostic procedures for detecting ~ 
hyodysenteriae The diagnosis of swine dysentery 
requires Isolation and identification of T. 
hyodysenteriae from feces, colonic lesions, or colonic 
mucosa, along with an evaluation of clinical signs. The 
clinical signs associated with swine dysentery include 
mucohemorrhagic diarrhea, depression and dehydration with 
chronically affected pigs becoming emaciated (23). T. 
hyodysenteriae Is identified by strong beta-hemolysis on 
blood agar. Isolation is difficult due to overgrowth of 
other colonic bacteria and the presence of T. innocens 
which produces weak beta-hemolysis on blood agar. 
Songer et al. (93) reported the use of a selective 
blood agar media which contained 400 ug/ml of 
spectinomycin. ThIs method has been changed by the 
addition of other antIbiotics, to reduce the growth of 
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other intestinal organisms, or yeast derived RNA, to 
enhance growth and hemolysis <57). Recently, Kunkle and 
Kinyon <53) added five antibiotics to blood agar medium 
for the primary isolatIon of I. hvodysenteriae. This 
medium enhanced the recovery of T. hyodysenteriae from 
Intestinal contents by greatly inhIbiting the growth of 
the other organisms while not affecting the growth of I. 
hyodysenteriae (93). 
Numerous tests have been developed to detect I. 
hyodysenteriae in tissue or rectal swabs, or to detect 
serum antibody to T. hyodysenteriae antigens. In 1968, 
Terpstra et al. (98) used fluorescein tagged antiserum 
from 60nvalescent swine to detect spirochetes in colonic 
lesions. In 1977, Hunter and Saunders (35) showed that 
the fluorescent antibody test was false 10% of the time 
if the serum was not absorbed with non-pathogenic 
treponemes. 
Lemcke and Burrows (58) developed a growth 
inhibition test for differentiating I. hyodysenteriae 
strains from other intestInal spirochetes. Filter paper 
discs impregnated with specific antiserum to I. 
hyodysenteriae were placed onto agar plates containing 
various isolates of intestinal spirochetes. A zone of no 
growth around the disc Indicated inhibition of I. 
hyodysenteriae growth and therefore indicated that the 
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original isolate streaked on these plates were I. 
hyodysenteriae. The mechanism of this growth inhibition 
is independent of complement but must involve surface 
antigens. 
Finally, Taylor and Stevenson (95) have developed an 
enzyme-linked immunosorbant assay (ELISA) for detection 
of I. hyodysenteriae in pig feces and lagoon sewage using 
rabbit anti-I. hyodysenteriae IgG absorbed with T. 
innocens cel Is. This IgG was coated onto 96 weI I 
microtiter plates to which samples of feces or lagoon 
slurry were added and incubated. They reported this test 
was accurate in the detection of low numbers of the 
organism in feces and slurry (100 colony forming units/gm 
wet weight) and was more sensitive than culturing the 
organism on blood agar plates. 
A reliable serological test to detect I. 
hyodysenteriae from suspected fecal samples would be 
benefitial in the routine diagnosis of the disease as 
well as an improvement over the current method of 
streaking rectal swabs on blood agar plates. 
Tests to detect serum antibody to T. hyodysenteriae 
have also been developed. In 1973, Hunter and Saunders 
(34) developed a serum agglutination test for the 
diagnosis of swine dysentery. Lee et al. (55) used an 
indirect fluorescent-antibody test for detecting T. 
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hyodysenteriae antibody in swine sera. In 1978. Joens et 
al. (40) reported a microagglutination test (MAT) for 
detection of antibody to T. hyodysenteriae using whole 
washed cel Is. 
In 1982. Joens et al. (43) reported an ELISA test 
for detection of antibody to T. hyodysenteriae using 
extracted lipopolysaccharide as the antigen. This test 
was reported to be serotype specific and more sensitive 
than the microagglutination test. Lysons et al. (62) 
developed an ELISA test which incorporates sonicated T. 
hyodysenteriae cel Is as the antigen in the detection of 
asymptomatic carrier pigs. Since this test was not based 
on serotype specificity, the authors reported a higher 
incidence of positIve samples than that detected by the 
LPS antigen ELISA test, although an increase in false 
positive results is likely. 
Pathogenesis Qf swine dysentery The lesions 
associated with swine dysentery are described as a severe 
catarrhal enteritis with hemorrhage. The organism 
infects the cecum and large intestine. The highest 
incidence of the disease is in 8-12 week old pigs. The 
disease has an incubation period ranging from 2 days to 3 
months (26). Clinical signs are first noted with the 
appearance of grey, soft or watery feces. Within several 
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days, a watery diarrhea containing blood and mucus 
develops (1,17,78,104). Intestinal lesions are further 
described as a superficial coagulative necrosis of the 
mucosa and of the crypts of Lieberkuhn with an associated 
edema of the lamina propria and mucosa. Varying amounts 
of blood are present, along with strands of fibrin and 
areas of denuded epithelium (1). 
Chronic lesions are characterized by the presence of 
a fibrin cast and a fibrinonecrotic layer of material 
which may cover the hemorrhagic mucosa. Necrosis, which 
is usually superficial, involves only the mucosa although 
edema and congestion of blood vessels in the lamina 
propria are seen (1,2,3,25,87). 
Several investigators have studied the 
ultrastructure of lesions at various times after 
infection and have hypothesized mechanisms of 
pathogenesis (1,78,104). Albassam et al. (1) conducted a 
detailed ultrastructural and sequential study of the 
lesions produced by T. hyodysenteriae infection in pigs. 
The initial lesions detected In pigs consIsted of marked 
edema at the crypt shoulders with both intercellular, and 
to a lesser degree, intracellular edema. The tissue 
fluid was shown to have the same densIty as plasma 
indicating to the authors that the interstitial fluid in 
the lamina propria was plasma. 
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Necrotic epithelial cells, in more advanced lesions, 
had irregular, sparse, short or disrupted microvilli at 
the openings of the crypts. The cell surface was 
distended, the cel Is were vacuolated, the mitochondria 
were disrupted and the endoplasmic reticulum was dilated 
(1). There were increased numbers of lysosomes and the 
density of the cytoplasm was increased, an indication 
that the cel Is were degenerating. In the more severe 
lesions, red blood cells were observed passing between 
necrotic cel Is. This is possibly the route of plasma 
leakage into the intestinal lumen. Spirochetes were also 
observed within necrotic cells and were seen between the 
partially sloughed epithelial cells and the intact lamina 
propria. Neutrophils were also observed and could be 
seen to contain intracytoplasmic spirochetes. There was 
also evidence of epithelial regeneration at the margins 
of the necrotic zones (1). 
Animals having diarrhea for several days had severe 
lesions with large areas of sloughing epithelium. The 
necrotic epithelium was covered with cellular debris, 
spirochetes and many bacillI. Many neutrophl1s in the 
necrotic areas had degranulated. Other neutrophi Is and 
macrophages contained bacteria undergoing degradation. 
Spirochetes were seen all around necrotic cells whether 
the cel Is were in place or sloughing. Spirochetes were 
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also seen within normal enterocytes and goblet cel Is (1). 
C*l 1~ with intracellular spirochetes had cytoplasmic 
degenerative changes (i.e., cells were vacuolated, the 
endoplasmic reticulum was distended, and the mitochondria 
were swollen). Spirochetes were often found between 
normal epithelial cel Is with minimal damage to the plasma 
membrane. Treponema were found invading the epithelial 
cel Is, from the lateral borders, in areas where adjacent 
cel Is had extruded or through adjacent empty goblet 
cells. Spirochetes were never seen attached to or 
penetrating normal colonic enterocytes at the apical 
borders. Spirochetes were found attached to the 
microvilli of goblet and epithelial cells in the crypts. 
In these advanced lesions, the subepithelial lamina 
propria was less edematous and more infiltrated by 
macrophages, neutrophi Is and a few lymphocytes (1). 
Ultrastructural changes in the endothelium of 
subepithelial blood vessels were also seen. These 
included folded cel I membrane of the luminal surface, 
folded nuclear membrane, rounded nucleus and distension 
into the blood vessel lumen (1). 
Pohlenz et al. (78) infected gnotobiotic pigs with 
Treponema hyodysenteriae and reported spirochetes within 
colonic goblet cel Is by day 2 post infection. By day 4, 
spirochetes had invaded enterocytes apparently from 
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adjacent goblet cel Is. The colonic mucus from infected 
pigs was more homogenous, less electron dense and less 
highly sulfated than that of control, non-infected pigs 
(78). By day 7 post infection, hypersecretion of mucus, 
mild erosion of the mucosal surface, marked crypt 
hyperplasia, with many immature cells in the deep crypts, 
was present. However, no significant inflammatory 
response was noted (78). 
In the same study, conventional pigs infected with 
T. hyodysenteriae had a marked inflammatory reaction in 
the colonic mucosa. This reaction was primarily 
neutrophil ic. Small mucosal blood vessels contained 
fibrin, platelets and numerous leukocytes. This 
difference in the inflammatory response between 
gnotobiotic and conventional pigs may be due to the 
intestinal microflora which may contribute to lesion 
development in swine dysentery (78). This work also 
indicated that T. hyodysenteriae has a tropism for mucus 
and is attracted to goblet cel Is. When the spirochete is 
within goblet cel Is, a hypersecretion of mucus, different 
in composition, is stimulated. The presence of the 
organism in the crypts also stimulates a hyperplasia of 
immature cel Is at the base of crypts (78). 
Wi lcock and Olander (104) also examined lesion 
development in dysenteric swine. Early morphological 
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changes consisted of congestion and margination of 
leukocytes in mucosal capillarIes and depletIon of mucus 
from goblet cells lining the crypts, which were fol lowed 
by superficial mucosal necrosis and crypt cel I 
hyperplasia. Greater than 105 colony forming units (CFU) 
per gram of mucosa were necessary for lesion development. 
They also suggested that the outpouring of mucus 
contributes to the critical electrolyte loss in swine 
dysentery and the persistent mucosal necrosis contributes 
to the malabsorption syndrome. 
Mechanisms of pathogenesis based on experimental 
findings have been proposed. Albassam et al. (1) 
suggested that penetration of the superficial colonic 
enterocytes, although not essential for lesion 
development, occurs through the lateral borders of cells 
from adjacent infected goblet cells. Another possibility 
is the penetration of the spirochetes between enterocytes 
fol lowed by invasfon through the lateral borders of the 
enterocytes. The spirochetes then multiply within the 
cytoplasm and eventually destroy the enterocytes. The 
multiplication of the spirochete within the epithelial 
cel I enables the organism to evade host defense 
mechanisms. This may also explain how spirochetes infect 
adjacent enterocytes and develop thA ~~rriA~ ~tate 
described for swine dysentery (46). The lack of evidence 
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for penetration of epithelial cel Is at the luminal 
surface suggests that the normal brush border serves as a 
physIcal barrier against I. hyodysenteriae penetration 
(18,97). 
Albassam et al. (1) suggested that the mucosal 
necrosis was not caused by invasion of the mucosal 
surface by the spirochetes but to a bacterial toxin 
produced by the spirochetes or secondary invading 
bacteria. They suggest a similarity between the 
circulatory disturbances in the superficial colonic 
mucosa in swine dysentery, to those of shigella dysentery 
in primates (3,82). Shigella dysenteriae produces a 
toxIn which causes disturbances In circulation, cellular 
maladjustment and hypoxia. Similar events could be due 
to histamine-type mediators possibly produced by local 
mast cel Is activated by the postulated spirochete toxin 
(1,3), 
Others have postulated that the restriction of 
necrosis to the superficial epithelium is due to direct 
or indirect actIon of a poorly diffusible toxin which 
reaches effective concentrations only at the mucosal 
surface (33). However, a cytotoxin could not be detected 
in I. hyodysenteriae broth culture or in colon contents 
from Infected pigs (104). The late lesions, epithel ial 
necrosis, and vascular leakage, favor the growth of 
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opportunistic anaerobic organisms close to the epithelial 
surface which may exacerbate lesion development by 
causing cell damage (78). 
Harris et al. (28) and Whipp et al. (102) reproduced 
swine dysentery in gnotobiotic pigs by oral inoculation 
of I. hyodysenteriae in combination with eIther 
Bacteroides vulgatus, and Fusobacterium necrophorum, or 
with Listeria denitrificans and Clostridium spp. In both 
studies, a synergistic bacterial species was needed in 
order for I. hyodysenteriae to express its pathogenicity 
in the colon of the gnotobiotic pigs. 
In another study, Pohlenz et al. (78) found that I. 
hyodysenteriae, inoculated into gnotobiotic pigs, invaded 
goblet cells and adjacent enterocytes. They noted a 
hypersecretion of mucus, mild erosion of the mucosal 
surface, and marked crypt hyperplasia. The infection did 
not produce an inflammatory response. The absence of an 
Inflammatory response in the gnotobiotic pigs indicates a 
role for secondary infection by normal microflora In 
lesion development in conventional pigs or a more 
developed immune response. 
Schmall et al. (87) and Argenzio et al. (3) studied 
the nature of electrolyte loss in dysenteric pigs. there 
has been no evIdence to indicate that there is an active 
secretion of fluIds from the small intestIne during swine 
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dysente~y. They attempted to define the mechanism of 
malabso~ption by examining wate~ t~anspo~tation and 
sodium influxes in ligated colonic segments. They also 
measu~ed concent~ations of cyclic adenosine monophosphate 
(cAMP) and cyclic guanosine monophosphate (cGMP) in 
colonic mucosa of no~mal and Infected pigs (3,87). In 
salmonellosis and shigellosis, the intestinal tissue 
becomes inflammmed and the~e Is active sec~etion of fluid 
and elect~olytes. Du~Ing salmonellosis, this inc~ease in 
sec~etion is due to p~ostaglandin - induced modulation of 
cAMP concent~ations (3). This same mechanism is 
implicated in shigellosis and it is well established as 
the pathogenic mechanism of chole~a toxin and the 
heat-labile toxIn of E. £Qll (8). 
A~genzio et al. (3) dete~mined that the seve~e loss 
of sodium, chlo~ide and bica~bonate ions du~ing swine 
dysente~y was the ~esult of colonic malabso~ption. The~e 
was no evidence of active o~ passive colonic sec~etion 
due to inc~eased mucosal pe~meability. In the study by 
Schmall et al. (87), the autho~s found that cAMP o~ cGMP 
levels we~e not inc~eased in colonic mucosa of T. 
hyodysente~iae Infected pIgs. The autho~s concluded that 
activation of cyclic nucleotide mediated events we~e not 
~esponsible fo~ the change in ion t~anspo~t. This 
indicates that the ~ole of inflammation andVo~ 
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p~ostaglandins in the pathogenesis of swine dysente~y is 
not mediated th~ough changes in cycl ic nucleotide levels. 
The autho~s concluded that net ion and wate~ abso~ption 
In the colon is abolished, and the loss of sodium, 
chlo~ide ion o~ bica~bonate Ion is not a consequence of 
inc~eased mucosal pe~meability. An amount of wate~ 
app~oximately 50% of the ext~acel lula~ fluid volume of 
the pig is p~esented daily to the colon fo~ ~eabso~ption. 
This amounts to 1.5 moles of sodium and 8.6 L of 
wate~/day. Any impai~ment of this abso~ptive p~ocess by 
T. hyodysente~iae would be delete~lous fo~ the pig (87). 
One possible mediato~ of the malabso~ptive synd~ome 
induced by I. hyodysente~iae is the st~ong beta-hemolysin 
(47,52,59,83,84,85,86). The hemolysin can be ~emoved 
f~om b~oth filt~ates supplemented with fetal calf se~um 
and yeast RNA (84). Lemcke and Bew (56) dete~mined that 
I. hyodysente~lae hemolysin is p~oduced maximally at the 
end of the loga~ithmic g~owth phase, p~oduced ae~obical ly 
as well as anae~obically, and ~equi~es a ca~~ie~, sodium 
RNA o~ bovine se~um albumin (BSA) fo~ stability. 
Depending on the method of pu~ification, the 
hemolysin has been repo~ted to have a molecula~ weight 
(m.w.> of 74 kllodaltons (kDa) by gel filt~ation (84), o~ 
19 kDa by elect~opho~esis (47). The 19 kDa dete~mInation 
would be consistent with the m.w. of st~eptolysin S (84). 
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The I. hyodysenteriae hemolysin characterized by Saheb et 
al. (84) was oxygen resistant (like Streptolysin S), heat 
labile at 60 C, and stable at a pH range of 2 - 10. The 
hemolysin does not bind carbohydrate specific stains, and 
is not inactivated by amylase, suggesting that the 
hemolysin is not composed of carbohydrate (84). Saheb et 
al. (84) also determined that the hemolysin was a protein 
associated with lipids and nucleotides, which may 
contribute to the greater molecular weight they reported 
(74 kDa). Pronase, and to a lesser extent lipase, 
inactivated the hemolysin indicating that it was a 
polypeptide or a protein associated with lipids. RNase, 
trypsin, and chymotrypsin did not inactivate the 
hemolysin. The hemolysin dId not stain well in 
polyacrylamide gels with coomassie brilliant blue or with 
sudan black which is characteristic of lipoproteins (84). 
A lipoprotein associated hemolysin, similar to the 
hemolysin from I. hyodysenteriae, has been described for 
Vibrio cholerae (El Tor) (81). 
Lysis of rabbit erythrocytes by the T. 
hyodysenteriae hemolysin did not require divalent cation 
and was not lipolytIc or proteolytic (84). It was shown 
that the interaction of the hemolysin with the 
erythrocyte surface was temperature independent, unlike 
StreptolysIn S, while erythrocyte swel ling and lysis was 
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temperature dependent (83). These authors suggested that 
the hemolysin mechanism of action was disorganization of 
membrane components. They also demonstrated that the 
hemolytic activity could be partially blocked by the 
presence of sucrose and inhibited by trypan blue. 
InhibIted lysIs by trypan blue is simi lar to lysis 
induced by saponin, although saponin erythrocyte lysis is 
temperature independent and not blocked by sucrose (83). 
The hemolysins of T. hyodysenteriae (THH) and I. 
innocens (TIH) have been compared and share many 
characteristics (85). Both hemolysins had similar 
molecular weights, oxygen and pH stabilities, were 
inactivated by pronase and lipase and inhibited by trypan 
blue. However, TIH differed from THH in that TIH was 
inhibited by cardiolipin and had less activity on red 
blood cells from different species than THH (85). It has 
been shown that THH had no lytic activity on prokaryotic 
protoplasts or spheroplasts, and had no activity against 
chinese hamster ovary cel Is or mouse spleen cel Is (86). 
However, it was found that THH decreased the response of 
mouse spleen cells to concanavalin A and Escherichia 
coli lipopolysaccharide by 35% or more (86). The authors 
suggested that this decrease in the mitogenic response 
may have been due to inactivation of macrophages or 
inhibition of the mitogens. It was also shown that when 
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THH was injected into rat ligated ileal loops, it induced 
fluid accumulation. desquamation of epithelial cel Is, 
hemorrhage into the intestinal lumen and neutrophil 
accumulation suggesting that THH may contribute to the 
pathogenicity of I. hyodysenteriae (86). 
Kent and Lemcke (47) found that the THH was more 
cytotoxic for fibroblasts than it was for epithelial 
cel Is, based on the release of chromIum-51 from labeled 
cel Is. Porcine lymphoblasts were most sensitive to 
cytotoxic effects of THH while swine macrophages and 
neutrophils were much more resistant (47). Kent and 
Lemcke (47) also reported that I. innocens produced much 
less hemolysin than ~. hyodysenteriae, and that TIH was 
less cytotoxic for in vitro culture of tissue cells. The 
marked sensitivity of porcine lymphocytes to THH is 
similar to the pattern of the sensitivity of murine and 
human lymphocytes to streptolysIn S (31). 
AntibIotic therapy and epIdemIology Many 
antIbiotics have been used for the preventIon and 
treatment of swine dysentery. These include organIc 
arsenicals, bacitracin, tylosin, sulfonamides, carbadox, 
lincomycin, virginiamycin, gentamicin, neomycin and 
tiamulin (73). Other compounds that have been found to 
be efficacious are olaquindox (105), sedacamycin (106) 
and treponemycin (90) and three nitroimidazoles; 
31 
dimetronidazole, ipronidazole and ronidazole (73,74). 
However many of these compounds have not been approved 
for the treatment of swime dysentery in United States. 
It has been shown that ~. hyodysenterlae has 
developed resistance to several of these compounds. 
Resistance tn ~nrlllJm arsanilate has been documented. 
Swine dysentery in the presence of resistant strains and 
arsanilate is much more severe (74). Tylosin was also 
reported to be ineffective, apparently due to acquired 
resistance (73). 
Antibiotic therapy affects the development of 
immunity by suppressing the antibody response to ~. 
hyodysenteriae (23,37). Withdrawal of dimetridazole or 
tiamulin was necessary to stimulate immunity (73). The 
stimulation of the immune response by the withdrawal of 
antibiotics indicates that the organism is probably not 
el iminated by antibiotic therapy but the growth of the 
organism is effectively suppressed. 
The survival of ~. hyodysenteriae outside the host 
requires a cool (4-6 C) and moist environment. The 
organism can survive for 2 months in refrigerated feces 
or anaerobically in a lagoon. However, the organism dies 
at temperatures higher than 10 C, surviving less than 1 
week on grass or In warm, dry soil (23). 
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Reservoirs of T. hyodysenteriae include carrier pigs 
and mice. After pigs recover from swine dysentery and 
become asymptomatic they continue to pass T. 
hyodysenteriae in their feces for up to 70 days (23). 
Infected mice have been shown to shed the organism for as 
long as 200 days. Dogs, flies, birds and rats apparently 
do not become infected with the organism but could serve 
as mechanical vectors (23,92). 
The most common method of introducing T. 
hyodysenteriae into a herd is by asymptomatic carrier 
pigs. Mechanical vectors (i.e., feces, contaminated 
boots, coveralls or vehicle tires) may also be 
responsible for the transmission of T. hyodysenteriae 
from herd to herd (23,92). The natural spread of swine 
dysentery from pig to pig is by the Ingestion of feces or 
contaminated feed. Floor feeding favors disease 
dissemination. Gutter flush systems recycl ing lagoon 
water may also result in further spread of swine 
dysentery (19). 
Gram-negatIve outer membranes The outer membrane 
of Gram-negatIve bacteria has been intensively studied 
(67,69,75,88,91,100). Much of the work has been done on 
members of the family Enterobacteriaceae, particularly 
Escherichia &Qll and Salmonella typhimurium. Electron 
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microscopic examination of Gram-negative bacteria 
demonstrated that these organisms are covered by an 
outer membrane layer outside of the peptidoglycan layer 
(16). Separation of outer and inner membranes by 
equilibrium density centrifugation in sucrose, which is 
based on the higher buoyant density of outer membranes 
than the inner cytoplasmic membrane (1.22 and 1.15 
respectively), revealed the presence of proteins and 
lipids in the membranous structure (75), To study 
protein composition of the outer membrane, extraction 
with mild detergents such as sodium dodecyl sarcosinate 
(Sarkosyl) can be used to extract insoluble proteins from 
the outer membrane due to the preferential solubilization 
of cytoplasmic membrane proteins (13). 
The three major components of the outer membrane are 
phospholipids, similar to those of the cytoplasmic 
membrane, LPS and a characteristic set of proteins. The 
LPS of Gram-negative outer membranes is a unique molecule 
consisting of three parts. The proximal part is the 
hydrophobic lipid A region consisting of a glucosamine 
disaccharide backbone substituted with six or seven 
saturated fatty acid residues which anchor the LPS to the 
outer membrane. The lipid A i~ responsible for most of 
the toxic properties of LPS and is essential for the 
structure of the outer membrane (67). The next region of 
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the LPS is the core polysaccharide composed of 
3-deoxy-D-manno-octulosonic acid (KDO), 
L-glycero-D-mannoheptose phosphate and variable 
oligosaccharide units that may vary within a species. 
The core is important in maintaining the barrier property 
of the outer membrane. The core is also a connection 
between the glucosamine back bone of the lipid A and the 
distal hydrophilic 0 polysaccharide region, important in 
host parasite interaction (69). 
The outer membrane has a characteristic protein 
composition, consisting of a few major proteins and a 
number of minor proteins which account for 9-12% of the 
total cellular proteins (91). These proteins are 
generally examined and characterized by the use of sodium 
dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE). The major types of proteins in the outer 
membrane of the Enterobacteriaceae are murein 
lipoproteins, porins, diffusion specific proteins and a 
few enzymes. Murein lipoprotein is a smal 1 protein 
covalently linked to the peptidoglycan layer. This 
protein has a fatty acid residue linked to the N-terminal 
cysteine. The protein is apparently not surface exposed 
but is important in maintaining the stab!l ity of the 
outer membrane-peptIdoglycan complex (29). 
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The porins are proteins that form nonspecific 
diffusion channels or pores to al low for the passage of 
small molecular weight, hydrophilic molecules across the 
outer membrane. Several of the porins of E. &Qll and ~. 
typhimurium have been thoroughly studied, their genes 
cloned and their gene regulation elucidated. One of 
these porin proteins, PhoE, is unusual in that it is 
produced only under conditions of phosphate starvation 
(100). Other porins, OmpF and Ompe are usually present 
in the outer membrane in large amounts. Porins make up 
approximately 2% of the total cellular protein of E. coli 
(approximately 105 copies per cel I (69). The structure 
of these porins consists of transmembrane, beta-sheets 
associated in trimers forming three channels on the 
surface. These channels may merge toward the inner 
surface or remain separate (5). 
There are also proteins of the outer membrane 
involved in specific diffusion processes in E. &Qll. 
When induced these proteins exist in large numbers on the 
bacterial surface. The solutes transported by these 
proteins include maltose, nucleosides, vitamin B12' 
ferric iron, ferric iron linked to enterobactin or 
aerobactin, ferrichrome, ferric citrate and amino acids. 
All of the proteins involved in the passage of iron 
chelates are induced by iron starvation and can become 
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major components of the outer membrane. Most of these 
diffusion-associated proteins require a functional Ton B 
gene product. The product is a protein thought to supply 
the energy required for the diffusion process (79). 
Also, most of these diffusion proteins and the porins act 
as receptors for numerous phages and colicins (69). One 
interesting difference between porins and OmpA, a protein 
probably involved in the transport of amino acids, is 
their migration during SDS-PAGE. Porins are converted to 
monomers when heated at 100 C in the presence of SDS, and 
thereby increasing their mobility in an acrylamide gel. 
However, motility of the OmpA protein is reduced after 
heating in SDS (88). The final two types of outer 
membrane proteins are enzymes, such as phosholipase Al 
and proteases (69), and LPS-binding protein which has a 
molecular weight of 15 kDa (91) which may be a common 
surface antigen within the Enterobacteriaceae. Porins, 
diffusion proteins, enzymes and LPS-binding proteins, 
with apparently analogous functions as those described 
above, have been found in Pseudomonas aeruginosa, 
Neisseria gonorrhoeae and Neisseria meningitidis (91). 
The outer membrane proteins (aMPs) of Neisseria spp. 
seem to be conserved. The three classes of Neisseria 
aMPs are designated as reduction - modifiable protein, 
heat-modifiable protein and the major outer membrane 
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protein porin. The reduction-modifiable protein is so 
called because it migrates at 31 kDa when reduced but at 
30 kDa when unreduced. The heat-modifiable protein, 
protein III, acts to block bactericidal antibody by 
binding non-cytocidal antibody and shields the outer 
membrane from antibodies that would be lethal to the 
organism (7). 
Outer membrane proteins, as a source of immunogenic 
proteins, have been examined extensively in recent years. 
OMP vaccines would lack the lipid A toxicity of whole 
cell vaccines, would bypass the nonimmunogenic nature of 
polysaccharide capsules of some Gram-negative pathogens 
and induce a protective immune response to surface 
antigens of a pathogen. Two organisms which have 
received particular attention in this regard are 
Neisseria meningitldls and Hemophilus Influenzae type b 
(91). 
The SDS-PAGE technique has been used for the 
separation and identification of OMPs in a number of 
organisms (i.e., Hemophilus influenzae type b, E. coli 
and Salmonella spp., 21). The profiles obtained with 
these organisms have been shown to be stable, useful for 
epidemiology and useful for subtyping strains of 
pathogens (21). Differences in the expression of OMPs 
have been shown to reflect differences in virulence of 
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pathogenic strains of Bordetel la spp. (12) and Neisseria 
spp. (54). The outer membrane of Gram-negative bacteria 
acts as the physical interface between the organism and 
its environment or host. Therefore, the morphologic and 
immunologic aspects of the organism, as weI I as virulence 
attributes, are often correlated with outer membrane 
structures. It is these structures which can confront 
and influence the immune system and which can determine 
the outcome of the infection in the presence of host 
defense mechanisms (69). 
Treponemal outer membranes 
unique helical shaped organisms. 
Spirochetes are 
Unlike other motile 
bacteria, the spirochetes are covered with an outer 
sheath which surrounds the protoplasmic cylinder and 
periplasmic flagella. These periplasmic flagella, also 
cal led axial fIlaments, are inserted at the ends of the 
protoplasmic cylinder. Most of the work on the outer 
membrane sheath (OM) of treponemes has been on Treponema 
pallIdum. The reported protein composition of the OM 
isolated from I. pallidum varies widely. For example, 
Penn et al. (76) were unable to detect protein in the OM 
preparatIons whIle MoskophIdis and Muller (68) 
demonstrated the presence of at least 13 OM proteins. 
These differences may be due to the procedures used to 
radiolabel the surface proteins. The presence of 
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individual surface exposed proteins, with variations in 
m.w. from 19 to 47 kDa has been described (65,70,80). 
Outer membrane proteins of other Treponema spp. have also 
been identified. T. phagedenis biotype Reiter has at 
least one major protein species of 69 kDa on its surface 
(66). T. pertenue was shown to have at least six surface 
proteins (99). I. denticola was shown to have at least 
two OM proteins of 31 kDa and 58 kDa (38). In addition, 
the nature of surface proteins can be dIfficult to 
determine since many of these organisms require complex 
growth media in vitro or only grow in vivo. For 
instance, T. pal lidum binds host proteins on its surface, 
including immunoglobulin, albumin, fibronectin and other 
serum proteins which must be differentiated from native 
aMPs (14,76). 
The aMPs of pathogenic spirochetes are believed to 
be important in the pathogenesis as well as in the immune 
response. For instance, the 39 kDa surface polypeptIde 
of I. pallidum is recognized by serum from infected 
rabbits (70). Another report indicated an antibody 
response in infected rabbits to proteins of 20, 25, 30, 
45, and 59 kDa (99). Eight to 22 proteins of I. pallidum 
were recognized by western blot analysis using sera from 
syphilitic humans (22). However, these antigens were not 
identified as surface exposed proteins. 
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The OMPs of T. hYodysenteriae has not been 
characterized, however, Joens and Marquez (44) described 
the antigenic profile of treponemal antigens using 
convalescent porcine serum. The location of these 
antigens or their chemical nature (i.e., protein or 
carbohydrate) was not addressed. The following work 
includes the elucidation of the protein composition of 
the T. hyodysenteriae outer membrane and the immune 
response directed at these antigens. 
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SECTION I. ANALYSIS OF OUTER MEMBRANE COMPONENTS OF 
Treponema hyodvsenteriae AND Treponema innocens 
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ABSTRACT 
Oute~ memb~ane p~oteln (OMP) p~oflles of T~eponema 
hyodysente~iae and T~eponema innocens we~e examined by 
sodium dodecyl sulfate-polyac~ylamide gel elect~opho~esis 
(SDS-PAGE). Cel Is we~e t~eated by six dlffe~ent 
ext~action methods fo~ the p~epa~ation of oute~ memb~ane 
f~actions. These ext~action p~ocedu~es we~e pe~fo~med 
with Zwitte~gent, T~iton-X 100. lithium chlo~ide o~ 
N-Iauryl sarcosinate (sarcosyl), sucrose gradient 
sedimentation o~ N, N/-dicyclohexylca~bodlimlde (DCCD). 
Sarcosyl ext~acts were found to be the most useful for 
diffe~entiating I. hyodysente~lae st~alns f~om I. 
innocens st~alns. Al I I. hyodysenteriae st~ains examined 
had slmila~ SDS-PAGE p~ofiles. T. innocens st~ains were 
g~ouped into three subg~oups on the basis of their OMP 
p~oflles. T. hyodysente~iae p~oduced an additional 70 
kilodalton (kDa) OMP when g~own unde~ iron limiting 
conditions. 
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INTRODUCTION 
Treponema hyodYsenteriae, an anaerobic to 
microaerophilic (27) spirochete, is the etiological agent 
of swine dysentery (SD) (11). The disease is 
characterized by a mucohemorrhagic diarrhea that can 
result In dehydratIon and death. Affected herds may 
experience 90% morbidity and 25% mortalIty (10). Most 
countries with modern swine production report the 
occurrence of SD, whIch is a serious economic problem for 
the pork industry (15). 
Isolates of I. hyodysenteriae have been grouped into 
seven serotypes based on a phenol-water extracted 
lipopolysaccharide antigen (1,14,16). Other groupIngs 
have been made based on clinIcal signs, biochemical tests 
and colony morphology (2,12). Little is known about the 
aMPs of the organism. The sodium dodecyl 
sulfate-polyacrylamIde gel electrophorsis (SDS-PAGE) of 
aMPs from other Gram-negatIve pathogens has resulted in 
the identification of potentially useful differentIation, 
vIrulence, or protective antigens (25). 
Expression of aMPs has been shown to be controlled 
by both genetic and environmental mechanisms. Stability 
of aMP profiles has been shown to vary as a function of 
in vitro passage and often these profiles are affected by 
in vivo passage as weI I (25). In many Gram-negative 
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organisms, iron regulates OMP expression (9). These 
proteins are often associated with the organism/s ability 
to compete for and transport Iron across the outer 
membrane (9,19), and thus the organisms are able to 
survive in the Iron defIcient m! 1 l~u of the host~s 
tissues. 
The purpose of this study was to examIne the 
SDS-PAGE profiles of outer membrane enriched fractions of 
T. hyodysenteriae and I. innocens strains. Patterns 
obtained were used to differentiate I. hyodysenteriae 
from I. innocens. 
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MATERIALS AND METHODS 
Bacterial straIns All of the T. hyodysenteriae 
and T. innocens strains used were from the culture 
collectIon of the Veterinary MedIcal Research Institute, 
Iowa State Univ., Ames, Iowa. Cultures were frozen and 
stored in growth medium at -70C. Cultures were grown in 
anaerobically prepared trypticase soy broth (TSB) (BBL 
Microbiology Systems, Cockeysvil Ie, MD) supplemented with 
20 ml/l of VPI salt solutions A and B, 0.5% yeast extract 
(BBL), 0.05% cysteIne-HCl (Sigma Chemical Co., St. Louis, 
MO) and 5.0% horse serum (HyClone Inc., Logan, Utah), 
(TSBYS) at 37C for 18-24 hours. VPI salt solution A 
consIsted of 0.4 g/1 CaC1 2 and 0.4 9/1 MgS04 . Solution B 
contained 2 g/l K2HP04' 2 g/l KH2P04 , 20 9/1 NaHC03 and 4 
g/l NaCI. 
T. hyodysenterIae B204 (serotype 2) was subcultured 
over 100 times in TSBYS before OMP preparation. To 
evaluate the effect of In vivo passage on OMP profIles, 
specific pathogen free pigs were infected with strain 
B204. After the development of clinical signs in the 
infected animals, a serotype 2 organism was isolated as 
previously described (26) and subcultured in TSBYS. OMP 
prepartIons of this T. hyodysenteriae Isolate (passage 2) 
were obtained and evaluated by SDS-PAGE and compared to 
strain B204 (passage 12). 
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Outer membrane protein preparation Outer 
membrane protein enriched fractions were prepared by six 
methods. Detergents or chaotropic agents used in the 
procedures described in this paper were obtained from 
commercial sources and used without further purification. 
The detergents used were Triton X-100 (Sigma), 
Zwittergent 3-14 (Calbiochem-Behring, LaJolla. CA), and 
sodium-N lauryl sarcosinate (Sarcosine) (Sigma). The 
chaotropic agents used were lithium chloride (Fisher 
ScientifIc Co .• FaIrlawn. N.J.) and 
N.N/-dicyclohexylcarbodlimide (DCCD) (Sigma). A ratio 
of 12.5 mg (dry weight of cells)/l ml detergent was used 
for each extraction procedure. Cells were extracted with 
Zwittergent according to a modification of the method of 
Blake and Gotschlich (4). Briefly. cel Is were washed 
with phosphate buffered saline, (pH 7.2. 0.05M) (PBS) and 
then resuspended in a solution of 20mM Zwittergent in 
10mM tris hydroxymethyl aminomethane-hydrochloride 
(tris). pH 7.4. and stirred for 2 hrs at room 
temperature. The mixture was then centrifuged at 15,000 x 
g for 30 min at 20 C. The supernatant was collected and 
centrifuged at 100,000 x g for 2 hrs at 4 C. The pel let 
was collected and washed 3 times with .15M NaCl at 
100,000 x g for 2 hrs at 4 C and resuspended in .15M 
NaCl. 
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Cells were extracted with Triton X-I00 according to 
a modification of the methods of Penn et al. (22). 
Washed cel Is were resuspended with 2.0% Triton X-I00 in 
10mM Tris containing 5mM MgCI 2 . The mixture was 
incubated at 37 C for 30 min and then centrifuged at 5000 
x g for 30 min. The supernatant was centrifuged at 
100,000 x g for 2 hrs at 4 C. The pellet was then washed 
3 times with 0.15M NaCI and resuspended in 0.15M NaCI. 
Cells were extracted with lithium chloride by the 
addition of 1M LiCI in 10mM Tris (18). Glass beads were 
added to the mixture and shaken for 2 hrs at 37 C. The 
supernatant was collected and the beads were rinsed with 
10mM Tris. The supernatant and wash were then 
centrifuged at 12,000 x g for 20 min at 4 C. The 
supernatant was collected and centrifuged at 40,000 x g 
for 45 min at 4 C. The supernatant was then centrifuged 
at 100,000 x g for 2 hrs at 4 C. The pel let was washed 3 
times with 0.15M NaCI and resuspended in 0.15M NaCI. 
Cells were extracted with sarcosine according to a 
modification of the methods of Cooper et al. (7). In 
brief, washed cells were spheroplasted using 0.2% 
lysozyme (Sigma) in cold 10mM Tris (pH 7.4) with 8% 
sucrose. The mixture was incubated for 5 min on ice 
followed by addition of 3 volumes of cold water. The 
spheroplasts were disrupted by sonification (Model W225R, 
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Heat Systems-Ultrasonics Inc., Farmingdale, NY) at 50% 
maximum output. Cells were sonIcated with four bursts of 
15 sec each, while cooling in an ice bath. Whole cel Is 
and debris were removed by centrifugatIon at 1500 x g for 
20 min at 20 C. The supernatant was centrifuged at 
40,000 x g for 45 min at 4 C and the pellet was 
resuspended in 10mM Tris with 1% sarcosine. The mixture 
was incubated, stirred at room temperature for 30 min and 
then centrifuged at 100,000 x g for 2 hrs at 4 C. The 
pellet was collected and washed 3 times in 0.15M NaCl and 
resuspended in 0.15M NaCI. 
Cells were extracted with DCCD according to the 
methods of Masuda and Kawata (17). Briefly, washed cel Is 
were resuspended in 10mM Tris - HCI buffer (pH 7.4) with 
50um DCCD and incubated for 30 min at 37 C. This 
suspension was then centrifuged at 6000 x g for 10 min 
and the pellet discarded. The supernatant was 
recentrifuged at 25,000 x g for 30 min. The pel let was 
resuspended in 0.1M sodium acetate - HCI buffer, pH 3, 
and incubated for 2 hrs at 4 C, then recentrifuged at 
25,000 x g for 30 min. The pellet was then washed two 
more times in 10mM Tris - HCI, pH 7.4. 
Cells were also extracted by cel I fractionation and 
outer membrane fractIons collected by sucrose gradient 
centrifugation by a modification of the methods of Osburn 
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and Munson (21). Washed cells were resuspended in 10mM 
Tris - HCl buffer, pH 7.4, with 0.75M sucrose. Lysozyme 
(Sigma) was added to give a final concentraion of 0.1 
mg/ml and the suspension incubated on ice for 2 min. Two 
volumes of cold 0.15M EDTA were slowly added over the 
next 10 min This suspension was then centrifuged at 
6000 x g for 10 min. and the pellet discarded. The 
supernatant fluid was recentrifuged and washed 2 times at 
25,000 x g for 30 min. 
All OMP extracts were resuspended to a concentration 
0.1 to 0.8 mg/m] protein and stored a -70C. Protein 
concentrations were determined by a Coomassie G-250 dye 
binding protein assay (Bio-Rad Laboratories, Richmond, 
CA) with bovine serum albumin (BSA) as a standard. 
SDS-PAGE Discontinuous SDS-PAGE was performed 
with a 4% stacking gel and 10% separating gel and the two 
buffer system of Laemmli (13). A Hoefer SE 600 vertical 
slab electrophoresis chamber was used (Hoefer Scientific 
Instruments, San Francisco, CA). The OMP fractions were 
solubilized by boi ling at 100 C for 5 min in 0.0625M Tris 
sample buffer containing 2% sodium dodecyl sulfate (SDS, 
Sigma), 5% 2-mercaptoethanol and 10% glycerol, pH 6.8. 
Samples were loaded into wells at a concentration of 
15-20 ug protein per lane and run at a constant current 
of 30mA per gel until the tracking dye (bromphenol blue, 
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Flshe~) was app~oximately 1.5 cm f~om the bottom of the 
gel. P~otein bands we~e visualized by staining with 
Coomassie B~illant Blue R250. Ca~bohyd~ate o~ lipid 
bands we~e visualized by the method of Tsai and F~asch 
(28). Appa~ent molecula~ weights we~e calculated by 
compa~ison to standa~ds of known molecula~ weight (Dalton 
Ma~k 7-L, Sigma) containing: bovine albumin (66 
kilodaltons, kDa), egg albumin (45kDa), 
glyce~aldehyde-3-phosphate dehyd~ogenase (36kDa), 
ca~bonic anhyd~ase (29kDa), t~ypsinogen (24kDa), t~ypsin 
inhibito~ (20.1kDa) and alpha-lactalbumin (14.2kDa). 
Su~face labeling with Iodine-125 Iodine-125 
labeling of su~face exposed p~otelns was accomplished 
using the Enzymobead lactope~oxidase-glucose oxidase 
system (Bio~ad). B~iefly, a f~esh 18 h~ 10 ml b~oth 
cultu~e of I. hyodysente~iae was ha~vested by 
cent~ifugation at 1500 x g fo~ 15 min in 250 ml of PBS. 
The cel Is we~e gently ~esuspended in PBS and diluted 
until a 1:10 dIlution of the cells gave an optical 
density (OD) of 1.0 at 550 nM using a Spect~onic 20 
spect~ophotomete~ (Bausch and Lomb Inc., Rocheste~. NY). 
The concent~ated suspensIon (100 u1) was added to 490 ul 
of PBS containing 10-5M KI. Twenty-five mic~olite~s of 
2% D-glucose in wate~ was then added fol lowed by 100 ul 
of Enzymobeads and 0.5 mCi of Na (125 1 ) iodide (Ame~sham 
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Corp., Arlington Heights, II I.) and al lowed to incubate 
at room temperature for 30 min. After incubation, 10 ml 
of PBS containing 10-4M KI was added and the sample was 
centrifuged at 600 x g for 10 min to recover the 
Enzymobeads and stop the reaction. The supernatant fluid 
was collected and centrifuged (10,000 x g for 20 min) at 
4 C with PBS containing 10-4M KI. The resulting pel let 
of labeled cells was washed three times by centrifugation 
as above. The bacterial cel I pellet was then sonicated 
and extracted with sarcosine. Samples were subjected to 
SDS-PAGE and the resulting gel was autoradiographed using 
Kodak XAR-5 film. 
Growth of ~. hyodysenteriae under reduced l£Qn 
Broth cultures were used to determine the growth curve of 
I. hyodysenteriae in the presence of desferal mesylate 
(DF) (elBA-GEIGY, Summit, N.J.). Tubes were prepared in 
triplicate with 10 ml of TSBYS and 1% horse serum and 
pre-treated with increasing concentrations of DF. An 18 
hr culture of I. hyodysenteriae grown in TSBYS with 1% 
horse serum was standardized to an OD of 0.2 at 600 nm. 
This stock culture was used to inoculate test tubes wittl 
0.2 ml of inoculum /10 ml broth. Tubes were then 
incubated with stirring at 37 C. The OD was read every 
four hrs at 600 nm. Organisms grown in similar media 
were collected by centrifugation after 18 hr growth and 
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their OMPs were extracted with sarcosine, as described 
above. 
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RESULTS 
OMP profiles of T. hyodysenteriae and T. innocens 
T. hyodysenteriae was grown in vitro in several 
concentrations of DF and with or without added ferric 
nitrate. The growth of the organism decreased with 
increasing concentrations of DF (Fig. 1). The addition 
of iron to the media increased the growth of the organism 
in the presence of DF (Fig. 1). Outer membrane 
protein-enriched fractions prepared from T. 
hyodysenteriae by six different procedures showed some 
differences. Outer membrane proteins extracted by the 
detergent Zwlttergent resulted in more than 10 bands 
resolved by SDS-PAGE. The other procedures, Triton 
X-lOa, 1% sarcosine, or 1M lithium chloride resulted in 
SDS-PAGE profiles exhibiting 6 major bands and several 
minor bands (Fig. 2). 
Supernatant fluid from sonicated T. hyodysenteriae 
cel Is gave many bands, several of which did not allgn 
with detergent extracted outer membrane proteins. The 
profile obtained with the low passage (2P) (Fig. 2, lane 
2), reisolated T. hyodysenteriae was identical to that 
obtained with organisms that had been passed in vitro 12 
times (Fig. 2, lane 5). Organisms that had been passed 
in vitro over 100 times (Fig. 2, lane 6) had a profile 
similar to the 12 passage organisms. The high passage 
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profile contains more lightly staining bands but lacked a 
minor band between 45 and 36 kDa. Novobiocin treated 
cel Is (Fig. 2. lane 8) gave a similar profile to the 12 
passage organisms as did cells grown in the presence of 
10% fetal calf serum (Fig. 2, lane 10) instead of 5% 
horse serum (Fig. 2, lane 5). Cells grown in the 
presence of the iron chelator, DF, displayed a new OMP at 
70 kDa (Fig. 2, lane 9). No change in OMP profile was 
observed in the presence of increasing concentrations of 
novobiocin which has been used to inhibit the expression 
of plasmid coded proteins (Fig. 2, lane 8). 
The sarcosine and lithium chloride extracted material 
produced SDS-PAGE profiles which could be used to resolve 
differences between T. hyodysenteriae and T. innocens. 
Although the profiles obtained by the sarcosine and LiCI 
methods were similar, greater yields of OMP were obtained 
with the sarcosine procedure. Thus, the sarcosine 
procedure was used for all subsequent extractions. 
All strains of T. hyodysenteriae analyzed, 
representing five serotypes, had similar sarcosine OMP 
profiles on SDS-PAGE (Fig. 3, lanes 1,2,5,6,9,10). The 
major protein bands observed were a doublet at 46.5-45.5 
kDa and singlet bands at 26, 29, 31, 36.5, 39, and 41 kDa 
(Table 1). An additional band at 61 kDa was observed in 
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stLain B169, seLotype 3. MinoL bands weLe obseLved at 
36, 37.5, and 40 kDa. 
StLains of I. innocens isolated fLom swine weLe also 
analyzed by SDS-PAGE of saLcosine extLacted OMPs. These 
six stLains had diffeLent pLofiles than the I. 
hyodysenteLiae stLains. The T. innocens pLofiles also 
vaLied between stLains. The stLains weLe divided into 
thLee gLOUPS on the basis of theiL OMP patteLns. GLOUP 
one contained stLains B256 and 4/71 (lanes 3,4), gLOUP 2 
contained the TayloL stLain and B359 (lanes 7,8), and 
B1555a and B6571 (lanes 11,12) weLe placed in gLOUP 3 
(FiguLe 3). 
The unique mobility of majoL OMPs was confiLmed by 
mixing saLcosine OMP extLacts fLom T. hyodysenteLiae 
stLain B204 and I. innocens stLain B256. The Lesulting 
pLofile contained the 49.5 kDa and 30 kDa of I. Innocens 
which was unique to that species, while the 46.5-45.5 kDa 
doublet of T. hyodysenteLiae was unique to that species 
(F I g. 4, 1 ane 4). 
To deteLmine that the saLcosine OMP pLofiles aLe 
indeed outeL membLane pLoteins, sULface exposed pLoteins 
of the oLganism weLe labeled with iodine-125 (24). AfteL 
Ladioisotope labeling the cells, the OMPs weLe extLacted 
by tLeatment wIth saLcosine sonication and the 
supeLnatant collected afteL centLifugation. The SDS-PAGE 
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patterns of the samples were analyzed by autoradiography 
revealing which sarcosine extracted OMPs were surface 
exposed (Fig. 5). The heaviest labeled band was at 45.5 
kDa. Other heavy bands were 31, 36.5, 39 and 41 kDa 
which corresponded to bands in the sarcosine OMP profile. 
A labeled band also appeared at 33 kDa although no 
corresponding band was present in the sarcosine OMP 
profile. Faint bands also appeared at 12,14,19, 46.5, 
55, 60, 62.5, 68 kDa for which corresponding bands were 
absent in the sarcosine OMP profile. Electron 
microscopic examination of the sarcosine extracted outer 
membrane revealed the material to have a bilaminar 
appearance (Fig. 6, arrow) indicating the extraction of 
intact membrane material. 
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DISCUSSION 
Several extraction methods were evaluated for their 
ability to solubilize all but the intrinsic membrane 
proteins in the outer envelope (22), the OMPs from T. 
hyodysenteriae and I. innocens. Outer membrane 
extraction, followed by SDS-PAGE can also be used to 
differentiate strains of I. hyodysenteriae from strains 
of T. innocens (Fig. 3). Sarcosine extracted outer 
membrane from T. innocens (Fig. 3) demonstrated 
variations in protein mobility indicating heterogeneity 
within the species. T. hyodysenteriae strains, however, 
had similar profiles regardless of serotype (Fig. 3). 
Antibodies to these I. hyodysenteriae OMPs were removed 
by absorption when antiserum from convalescent swine was 
incubated with washed whole cel Is of T. hyodysenteriae, 
indicating that these OMPs were surface exposed (18) 
(Data not shown). Radiolabeling of surface protein with 
iodine-125 followed by sonification and detergent 
extraction, SDS-PAGE and autoradiography also showed 
these OMPs to be surface exposed (Fig. 5). This 
confirmed the usefulness of the sarcosine extraction 
proceduLe to study sULface exposed OMPs. HoweveL, 
seveLal minoL bands and one majoL band weLe seen by 
sULface labeling that weLe lost by detergent extLaction. 
InteLestingly, the uppeL band of the T. hyodysenteriae 
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45.5-46.5 kDa doublet was less radiolabeled, indicating 
that the protein apparently had less available tryrosine 
residues for radiolabeling by lactoperoxidase (3). 
The sarcosine extracted aMP pattern was also similar 
to that obtained by spheroplasting I. hyodysenteriae 
cel Is with lysozyme and sonification followed by sucrose 
gradient separation (Fig. 5). It was also similar to the 
pattern obtained by extraction with DCCD, which had been 
used to remove the outer sheath of another treponeme 
(17). The OMP pattern of I. hyodysenteriae remains 
stable after 2 or over 100 in vitro passages, an 
important consideration for classification. The aMP 
pattern is altered after treatment with the iron chelator 
desferal mesylate. To successfully grow in the 
intestinal tract, organisms must have a mechanism to 
acquire iron from the environment. Many enteric 
pathogens in an iron deficient environment synthesize 
high-molecular weight proteins which act as receptors for 
iron-siderophore complexes (9). These iron-regulated 
OMPs can be detected when cells are grown under 
conditions of iron limitation (5,19,20,23,24). The 70 
kDa peptide is similar in size to iron-regulated 74 and 
76 kDa aMPs from Campylobacter Je,luni (8) and those of 79 
and 81 kDa from Yersinia species (6). The ability to 
elicit a similar protein In I. Innocens is currently 
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under investigation and may be related to differences in 
virulence of the two organisms (2). 
Finally, the organism apparently does not lose an 
aMP that may be coded for by extra chromosomal DNA. 
Novobiocin has been used to cure plasmids from bacteria 
by interference with initiation of plasmid DNA 
replication (29). However, since the organism was not 
clone purified the effect of novobiocin could be present 
but not detected. There are no reports in the literature 
that T. hyodysenteriae harbors extrachromosonal DNA. 
The major objective of this study was to 
differentiate between treponemal swine isolates by 
comparing their aMP SDS-PAGE profiles. Sarcosine 
extracted profiles of T. hyodysenteriae and~. innocens 
can be used to distinguish these different species. This 
method can be added to the previously used procedures to 
differentiate these species on the basis of hemolysis on 
blood agar, biochemical tests, and mouse 
enteropathogenicity. Similar growth conditions and 
extraction procedures are necessary to view consistent 
aMP differences between these two species. Further study 
on the regulation of the iron induced T. hyodysenteriae 
aMP is on going. There is a need to investigate whether 
T. hyodysenteriae does harbor extrachromasomal plasmid 
DNA and whether this DNA encodes for aMP expression or 
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other virulence attributes. Finally, the role of I. 
hyodysenteriae OMPs in the pathogenesis of the organism 
and on the immune response of infected swine also should 
be addressed. 
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Fig. 2. Comparison of ~. hyodysenteriae OMP extraction 
methods and growth condItions. Lanes: (1) 
Sonicated cell supernatant, (2) Zwittergent 
extract, (3) Triton - X 100 extract, (4) LiCI 
extract, (5) sarcosine extract, 12th in vitro 
passage (12P), (6) sarcosine extract, 135P, (7) 
swine reisolate sarcosIne extracted, 2P, (8) 
novobiocin treated cells, sarcosine extract, (9) 
desferal mesylate treated cells, sarcosine 
extract (10) cells grown with fetal calf serum, 
not horse serum, sarcosIne extract, (11) m.w. 
standard. 
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Fig. 3. Sarcosine extracts of T. Innocens (TI) and T. 
hyodysenteriae (Th) Isolates. Lanes: (1) B234 
serotype 1 (Th). (2) B204 serotype 2 (Th). (3) 
B256 (Ti). (4) 4/71 (TI).. (5) B169 serotype 3 
(Th). (6) Al serotype 4 (Th). (7) Taylor (TI), 
(8) B359 (Ti), (9) Ack 300/8 serotype 7 (Th), 
(10) GS serotype 2 (Th). (11) B1555a (Tl). (12) 
B6571 (Ti). (13) m.w. standard. 
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Fig. 4. Lanes: (i) m.w. standard, (2) B256 sarcosine 
extract (Tl), (3) B204 sarcosine extract (Th), 
(4) mixture of B256 and B204 sarcosine extracts, 
(5) sucrose gradiant OMP of B204, (6) DCCD 
extract of B204. 
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Fig. 5. Autoradiography of surface exposed OMPs of I. 
hyodysenteriae. Lane 1 - Autoradiography of log 
phase B204 cells. Lane 2 - B204 sarcosine 
extract for comparison (eBB stain). 
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Fig. 6. TLansmission electLon micLogLaph of saLcosine 
extLacted outeL membLane fLom ~. hyodysenteriae. 
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Table 1. OMPs detected by coomassie blue staining 
of SDS-PAGE treponemal sarcosine extracts 
I. hyodysenteriae B204 I. innocens B256 
unique bands unique bands 
61 kDa - B169 only 49.5 kDa Ti only 
46.5 Th only 47 
45.5 Th only 45 (minor) 
41 42 
40 (minor) 39 
39 37.5 
36.5 36.5 
36 (minor) 31.5 
31 30 
29 
26 
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SECTION II. THE IMMUNE RESPONSE OF SWINE TO ANTIGENS 
OF 
Treponema hyodysenteriae 
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ABSTRACT 
Oute~ memb~ane p~otein (OMP) ext~acts of T~eponema 
hyodysente~iae we~e used to evaluate the p~otective 
immune ~esponse in pigs immune to swine dysente~y. 
Weste~n blot analysis was used to identified antigenic 
bands between 14 and 19 kilodalton (kDa) ~eactive with 
antibody in immunIzed and convalescent pigs. Colonic 
sec~etions also contained antibody which ~eacted with 
these antigens. These antigens we~e found to be located 
on the su~face of the bacte~ium as assessed by abso~ption 
of se~um with whole cells of T. hyodysente~iae. 
T~eatment of the oute~ memb~ane ext~acts with p~oteinase 
K abolished ~eactivity to the 14 kDa and 19 kDa antigens. 
Lipase and sodium metape~lodate t~eatment of OMP antigens 
alte~ed ~eactivity to the 14 kDa band. These ~esults 
indicate that p~otection is ~elated to the pig~s immune 
~esponse against a low molecula~ weight mac~omolecula~ 
complex of p~oteins and lipids. 
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INTRODUCTION 
The etiologic agent of swine dysente~y (SD) has been 
shown to be Treponema hyodysente~lae, an anae~obic to 
mic~oae~ophilic spi~ochete (4,16). The disease is 
cha~acte~ized by a mucohemo~~hagic dia~~hea that can 
~esult in dehyd~ation and death. Affected he~ds may 
experience up to 90% morbidity and 25% mo~tallty (3). 
Most count~ies with mode~n swine p~oduction ~epo~t the 
occu~~ence of SD, which ~emains as a se~ious economic 
p~oblem fo~ the po~k indust~y (10). 
Little is known about the aMP of the o~ganism and 
thei~ ~ole in the development of the host~s immune 
~eponse. Sodium dodecyl sulfate-polyac~ylamide gel 
elect~opho~sis (SDS-PAGE) of aMPs of othe~ G~am-negative 
pathogens has ~esulted in the identification of 
potentially useful vi~ulence o~ p~otective antigens (6). 
SDS-PAGE aMP p~epa~ations f~om T. hyodysente~iae we~e 
elect~oblotted onto nit~ocellulose and examined with 
immune o~ convalescent se~a to dete~mine the cell su~face 
moieties impo~tant to the immune ~esponse of pigs towa~d 
T. hyodysente~iae. These stUdies indicate that oute~ 
memb~ane components of T. hyodysente~iae a~e the antigens 
to which antibodies a~e p~oduced which fo~m the basis ot 
p~otectlve immunity In swine. 
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MATERIALS AND METHODS 
Bacterial strains Al I T. byodysenteriae strains 
were from the culture collectIon of the Veterinary 
MedIcal Research InstItute, Iowa State Univ., Ames, Iowa. 
Cultures were stored In growth medium at -70 C. Cultures 
were grown in anaerobically prepared trypticase soy broth 
(TSB) (BBL MIcrobiology Systems, CockeysvIlle, MD) 
supplemented with VPI salt solutions A (0.2 g CaCl 2 and 
0.2 g MgS04/500ml) and B (lg K2 HP04 , KH2P04 , 10 g NaHC03 , 
and 2 g NaCI/500ml), 0.5% yeast extract (BBL), 0.05% 
cysteine-HCI (Sigma Chemical Co., St. Louis, MO) and 5.0% 
horse serum (HyClone Inc., Logan, Utah), (TSBYS), at 37C 
for 18-24 hrs. 
Outer membrane protein preparation Cells were 
extracted with sodium-N-Iauryl sarcosinate (sarcosine) 
(Sigma) according to a modification of the methods of 
Cooper et al. (2). In brief, washed cells were 
spheroplasted using 0.2% lysozyme (Sigma) in cold 10mM 
Tris (pH 7.4) with 8% sucrose. The mixture was incubated 
for 5 min on Ice after which 3 volumes of cold water were 
added. The spheroplasts were disrupted by sonification 
(Model W225R, Heat Systems-Ultrasonics Inc .• Farmingdale, 
NY) at 50% maximum output with four bursts of 15 sec 
each, while cooling in an ice bath. Whole cel Is and 
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debris were removed by centrifugation at 1500 x g for 20 
min at 20C. The supernatant fluid was centrifuged at 
40,000 x g for 45 min at 4 C and the pellet was 
resuspended in 10mM Tris with 1% sarcosine. The mixture 
was incubated, stirring at room temperature for 30 min 
and then centrifuged at 100,000 x g for 2 hrs at 4 C. 
The pellet was collected and washed by centrifugation at 
100,000 x g 3 more times in 0.15M NaCI and resuspended in 
0.15M NaCI. 
Lithium chloride extracts of T. hyodysenteriae 
strains B234 (serotype 1), B204 (serotype 2) and Ai 
(serotype 4), were prepared by the addition of 1M LiCI in 
10mM Tris-HCI buffer, pH 7.4 according to the method of 
McDade and Johnston (14). Glass beads were added to the 
mixture which was then shaken for 2 hrs at 37 C. The 
supernatant was collected and the beads were rinsed with 
10mM Tris. The supernatant fluid and rinse were then 
centrifuged at 12,000 x g for 20 min at 4 C. Th~ 
supernatant fluid was collected and centrifuged at 40,000 
x g for 45 min at 4 C. The supernatant fluid was then 
centrifuged at 100,000 x g for 2 hrs at 4 C. The pel let 
was washed three times with 0.15 M NaCI and resuspended 
in 0.15 M NaCI. Lipopolysaccharide from~. 
hyodysenteriae was prepared by the method of Baum and 
Joens (1). 
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OMP extracts were suspended to a concentration of 
0.1 to 0.8 mg/ml protein and stored at -70 C. Protein 
concentrations were determined by a Coomassie G-250 dye 
binding protein assay (Bio-Rad Laboratories, Richmond, 
CA) with bovine serum albumin (BSA) as a standard. 
Hemolysin preparation Hemolysin was extracted 
from T. hyodysenteriae by the method of Kent and Lemcke 
(7). Briefly, an 18 hr motile culture was pelleted by 
centrifugation (10,000 x g) and then resuspended with 
0.15M phosphate buffered saline (PBS) containing 0.05% 
RNA core Type 2-C (Sigma). This suspension was incubated 
for 30 min at 37 C, then the mixture was centrifuged at 
10,000 x g for 20 min and the supernatant fluid 
containing the hemolysin was collected. The hemolysin 
was lyophilized and stored at -20 C. A 1 mg/ml solution 
of the hemolysin in PBS was prepared for vaccination or 
electrophoresis. 
Animals Al I swine used in these experiments were 
crossbred, specific pathogen free, weighed approximately 
30 lbs. at the beginning of the experiments and were 
acquired from H & K Enterprises, Ames, IA. Animals were 
fed a commercial feed containing 16% protein without 
added antibiotics. Experiment 1 contained 6 pigs, 3 
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vaccinates and 3 contLols. ExpeLiment 2 consisted of 15 
pigs, 10 vaccinates and 5 contLols. 
Infection PLotocol Pigs weLe challenged with 
fLesh 18 hL cultuLes of T. hyodysenteLiae gLown in TSBYS. 
A sample of the cultuLe was counted using a 
PetLoff-HauseL counting chambeL to deteLmine the 
appLoximate numbeL of bacteLia peL ml of suspension. The 
suspension was diluted, if necessaLY, with anaeLobic, 
steLlle TSBYS to yield appLoxlmately 10 8 oLganisms/ml. 
Pigs weLe infected on two consecutIve days with 100 ml of 
TSBYS containing 10 8 T. hyodysenteLiae oLganisms given 
thLough a stomach tube. Rectal swabs weLe taken 
peLiodically to monitoL infection. These weLe examined 
by daLkfield micLoscOPY and cultuLed on blood agaL. Pigs 
weLe examined dally afteL infectIon fOL clinical signs of 
swine dysenteLY evidenced by fecal consistency. A SCOLe 
fLom a (noLmal stool) to 3 (wateLY diaLLhea) was noted 
fOL each pig. 
VaccinatIon ~ absoLption of seLa In the fiLst 
expeLiment thLee pIgs weLe vaccinated with 1 mg of 
pLotein of the saLcosine pLepaLation intLamusculaLly in 
the neck (day 0) and thLee contLol pigs weLe not 
immunized. SecondaLY vaccinations weLe given to the 
immunized pigs 14 days lateL with the same pLepaLation. 
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Al I pigs were challenged 7 days after the second 
vaccination (day 21) as described above. Sera were also 
collected 2 weeks after infection (day 35). 
Absorption of swine sera was accomplished by 
incubation of the sera with whole cells of the homologous 
strain of I. hyodysenteriae used for infection. Log 
phase I. hyodysenteriae grown in TSBYS were centrifuged 
for 20 min at 12,000 x g and resuspended to a 
concentration of approximately 1010/ml in 10mM Tris pH 
7.4. One ml amounts were centrifuged (Eppendorf Model 
5412, Brinkman Instruments, Inc., Westburg, NY) for 10 
min. The cell pellet was resuspended in 0.5 ml 10mM Tris 
pH 7.4 and 0.5 ml of heat inactivated serum (56 C for 30 
min) and incubated for 90 min at 37 C. The serum samples 
were clarified by centrifuged and stored at -20 C (11). 
SDS-PAGE Discontinuous SDS-PAGE was performed 
with a 4% stacking gel and 10% separating gel and the two 
buffer system of Laemmli (9). A Hoefer SE 600 vertical 
slab electrophoresis chamber was used (Hoefer Scientific 
Instruments, San Francisco, CA). The aMP fractions were 
solubilized by boiling at 100 C for 5 min in 0.0625M Tris 
sample buffer containing 2% sodium dodecyl sulfate (SDS, 
Sigma), 5% 2-mercaptoethanol and 10% glycerol, pH 6.8. 
Samples were loaded into weI Is at a concentration of 
15-20 ug protein per lane and electrophoresed at a 
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constant current of 30mA per gel until the tracking dye 
(bromphenol blue, Fisher Scientific Inc., Fairlawn, N.J.) 
was approxImately 1.5 cm from the bottom of the gel. 
Protein bands were visualized by staining with Coomassie 
Brillant Blue R250 (CBB, Kodak Chemical Co., Rochester, 
N.Y.). Carbohydrate or lipid bands were visualized by 
the method of Tsai and Frasch (18). Apparent molecular 
weights were calculated by comparison to standards of 
known molecular mass (Dalton Mark 7-L, Sigma) containing: 
bovine albumin (66 kDa), egg albumin (45 kDa), 
glyceraldehyde-3-phosphate dehydrogenase (36 kDa), 
carbonic anhydrase (29 kDa), trypsinogen (24 kDa), 
trypsin inhibitor (20.1 kDa) and alpha-lactalbumin (14.2 
kDa). 
Imrounoblotting After separation by SDS-PAGE, OMP 
extracts were electrophoretically transferred to 
nitrocellulose sheets (0.45 urn pore size, Schleicher and 
Schuell, Inc., Keene, NH) using a modification of the 
procedures of Towbin et al. (17). The transfer buffer 
was 25M sodium phosphate, with 20% methanol, pH 6.8. 
Gels were washed in 3 changes of transfer buffer for 15 
min each and then transferred for 18 hrs in a transblot 
cell (Hoefer Inc., San Fransisco, CA) at a constant 
amperage of 0.75 amps. 
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After the transfer, the nitrocellulose was washed in 
0.15M NaCl, pH 6.8 (wash buffer) 3 times, for 15 min. 
The nitrocellulose was then blocked with 0.5% BSA in wash 
buffer for 30 min at room temperature and then washed 3 
times as before. The nitrocellulose was then cut into 
strips and incubated with diluted sera, milk or colonic 
contents in wash buffer for 2 hr at 37 C. Strips were 
then washed 3 times as before and then incubated for 1 hr 
with horseradish peroxidase conjugated rabbit anti-swine 
IgG, heavy (H) and light (L) chain specific (Cappel 
Laboratories, Cochranville, PA) diluted 1:1000 in wash 
buffer. 
For the determination of the isotypic response in 
colonic material and immune sows milk, a monoclonal 
antibody, developed and provided by Dr. P. Paul. Iowa 
State Univ., was used. Ascites fluid, contaIning 
monoclonal antibodies to swine IgA was diluted in wash 
buffer and incubated with the blot strips for 2 hr at 37 
C. Strips were washed 3 times and then incubated for 1 
hr with horseradish peroxidase conjugated anti-mouse IgG, 
Hand L chain specific (Southern Biotechnology 
Associates, Fisher Scientific Co., Fairlawn, N.J.) 
diluted 1:2000 in wash buffer. Strips were then washed 3 
times. 
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Specific antigens were visualized by incubation with 
substrate (25 ug/ml of o-dianisidine (Sigma), 0.01% H202 
in 10mM Tris pH 7.4) for 10-20 min. The reaction was 
terminated by washing with several changes of water. The 
blots were dried between filter paper and stored in the 
dark. The efficiency of transfer was determined by 
reacting one nitrocellulose strip for 2 hr with Pelikan 
Fount India Ink (Pel ikon AG, Hanover, Germany) at a 
concentration of 1 ul/ml in wash buffer. 
Antibody samples Antibody samples were col lected 
from pigs as pre-immunization, pre-infection, 
post-immunization, post-infection serum and convalescent 
sera. Colonic washes from protected swine were collected 
as described below. Milk samples from convalescent sows 
were from the antisera library of the Veterinary Medical 
Research Institute, Iowa State Univ. All serum samples 
were removed from clotted blood, aliquoted and frozen at 
-20 C. Milk samples were collected from nursing sows and 
frozen in aliquots at -20 C. 
Colonic washes were collected at necropsy from the 
contents of the spiral colon and cecum of pigs. The 
contents were diluted with equal volumes of cold PBS with 
0.02M phenyl-methyl-sulfonyl fluoride (PMSF) and 50 
ug/ml dithiothreitol (DTT, 0.324mM, Sigma) and stirred 
for 1 hr in the cold. The mixture was then centrifuged 
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at 10,000 x g for 30 min. The supernatant was collected 
and placed in dialysis tubing (Fisher) with 12 kDa to 14 
kDa cut off and dialyzed against PBS. After 48 hrs, the 
dialysed material was concentrated la-fold by covering 
the dialysis tubing with polyethylene glycol-6000 
(Sigma). The concentrated supernatant was then aliquoted 
and stored at -20 C. 
Enzyme and periodate treatment of outer membranes 
The sarcosine extract was treated with proteinase K (5) 
for 30 min at 60 C. The OMP was also treated with O.OlM 
sodium meta periodate (FIsher) for 18-20 hr at 4 C prior 
to solubilization in the SDS-PAGE treatment buffer (13). 
Bovine serum albumin (BSA) was also subjected to 
proteinase K and periodate treatment to see the effects 
of these treatments on antibody binding to this antigen. 
Treated BSA was subjected to SDS-PAGE and transferred to 
nitrocellulose for western blot analysis with rabbit 
anti-serum prepared to fetal calf serum. Nitrocellulose 
membrane strips containing the components of the 
sarcosine extract of I. hyodysenteriae were incubated 
with various enzymes immediately after electrophoretic 
transfer and then incubated with porcine convalescent 
serum. Strips with absorbed antigens were incubated with 
0.5 mg/ml trypsin, 1 mg/ml lipase, 1 mg/ml 
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beta-glucuronidase or 1 unit/ml neuraminidase for 30 min 
at 37C (Sigma) (19). 
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RESULTS 
Vaccination and challenge Non-immunized, T. 
hyodysenteriae infected pigs developed clinical signs of 
disease within 14 days of infection. One of the control 
pigs eventually died of complications associated with 
swine dysentery (Table 1)'. OMP vaccinated swine did not 
develop clinical signs of disease. This experiment was 
repeated with more pigs and similar protective responses 
to vaccination were noted (Table 1). Clinical signs of 
swine dysentery in immunized and non-immunized swine were 
recorded daily, based on fecal consistency. Vaccinated 
pigs had consistently lower clinical sign scores and 
fewer detectable T. 'hyodysenteriae (Table 1). 
Western blot analysis Serum from OMP immunized 
swine, which were protected against subsequent chal lenge, 
and serum from pigs convalescent from swine dysentery, 
produced very similar western blot profiles (Fig. 1). 
This indicates that immunization with OMP provoked a 
response to the same antigens recognized by natural 
infection. Of particular interest were the bands 
appearing between 14-19 kDa (Fig. 1) that did not stain 
with Coomassie bril lant blue R250 (CBB) (data not shown). 
The vaccinated swine had developed serum antibodies to 
these antigens by day 14. Non-vaccinated, challenged 
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swine did not p~oduce antibody to these bands by day 35 
(Fig. 1). Se~um samples f~om both immunized and 
convalescent swine had antibodies to these antigens. 
The natu~e of these 14-19 kDa bands was investigated 
by t~eating the aMP with p~oteinase K o~ with O.DIM 
sodium meta pe~iodate p~io~ to solubilization in the 
SDS-PAGE t~eatment buffe~ (Fig. 2). The p~oteinase K 
t~eatment dest~oyed ~eactivity to the antigens while 
oxidation of ca~bohyd~ate molecules by pe~iodate 
t~eatment had little effect. SDS-PAGE of the p~oteinase 
K o~ pe~iodate t~eated aMPs fol lowed by Coomassie 
staining showed that the ove~al 1 aMP p~ofile was affected 
by pe~iodate and was dest~oyed by p~oteinase K and silve~ 
staining of the gel ~evealed that lipid and ca~bohyd~ate 
~emained intact (data not shown). When bovine se~um 
albumin (BSA, Sigma) was t~eated with p~oteinase K and 
pe~iodate and p~obed with ~abbit antise~um, the 
antigenicity of the BSA was lost with both t~eatments 
(data not shown). To bette~ define the natu~e of the 
14-19 kDa antigens, nit~ocel lulose st~ips containing OM 
antigens, we~e t~eated with t~ypsin, the mollusk 
saccha~idase beta-glucu~onidase, neu~aminidase and 
lipase, befo~e ~eacting with convalescent se~a. St~ips 
we~e also incubated with milk f~om sows that p~ovided a 
p~otective lactogenic immunity to piglets challenged with 
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T. hyodysenteriae, and milk that did not provide 
protective immunity to piglets (Fig. 3). 
The blot profi Ie was not affected by treatment with 
beta-glucuronidase, indicating that the antigens do not 
contain carbohydrates sensitive to this enzyme. The blot 
was also unaffected by treatment with neuraminidase, used 
to test whether transferred antigens were glycoprotein 
containing sialic acid. Trypsin treatment of the blot 
prevented binding of antibody to al I antigens except 
those at 14, 19, 39, 40 and 45.5 kDa. Intensity of the 
reaction with the trypsin treated 14 kDa band was 
decreased, however. This indicates that many of the OM 
antigens are proteins sensitive to the action of trypsin. 
Lipase treatment of the nitrocellulose strips reduced 
binding of antibody to al I antigens except those at 19, 
39, 40 and 45.5 kDa. This indicates the lipid nature of 
many of the outer membrane antigens. Of particular 
interest is the effect of lipase on the 14 kDa antigen 
which is changed so as to abrogate most of the binding of 
antibody. 
Absorption of the convalescent serum with whole T. 
hyodysenteriae cells removed antibodies reactive with al I 
antigens except those at 29, 31, 37, 39 and 45.5 kDa 
(Fig. 3), however, the antigens at 37, 39 and 45.5 kDa 
are often stained by o-dianisidine non-specifically. 
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This indicates that only antigens at 29 and 31 kDa are 
not surface exposed. Radiolabeling of surface proteins 
with iodine-125 substantIates this finding (Hubbard, 
unpublished data). Strips were also reacted with 
protective or non-protective sow milk. Antigenic 
reactivity was identical except that milk from 
non-protective sows lacked antibody to the 14 and 19 kDa 
antigens, which was present in the protective sow milk 
(Fig. 3). 
Western blot tests were also performed using colonic 
antibody collected from convalescent swine and developed 
with anti-swine IgA specific monoclonal antibodies. 
These blot tests revealed bands of specific anti-I. 
hyodysenteciae IgA directed at the 14-19 kDa antigens 
(Fig. 4). Milk antibody from convalescent sows was also 
used to probe transferred I. hyodysenteriae OMPs for 
specific IgA antibody. These procedures revealed a 
specific IgA response to antigens at 31 kDa (Fig. 4). 
Normal sows milk or normal colonic wash from pigs that 
were not exposed to I. hyodysenteciae did not contain 
antibody to I. hyodysenteciae OMP antigens in western 
blot tests (data not shown). 
T. hyodysenteriae hemolysin, LPS or LiCI outer 
membrane extracts of two other serotypes were run on 
SDS-PAGE and transferred to nitrocellulose. The 
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nltLocel lulose was then Leacted with convalescent seLum. 
The Lesulting Leaction indicated the pLesence of the 14 
and 19 kDa antigen in thLee seLotypes of T. 
hyodysenteLiae (Fig. 5). The Leaction also indicated the 
pLesence of a 19 kDa antigen in the LPS pLepaLation and a 
14 kDa antigen in the hemolysin pLepaLation. The 
hemolysin pLepaLation also had antigens at 55, 61 and 66 
kDa. 
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DISCUSSION 
The sa~cosine extracted OMP/s from I. 
hyodysenteriae, used to vaccinate swine, induced immunity 
to I. hyodysenteriae. In a limited experiment, 3 pigs 
vaccinated with this preparation were p~otected f~om 
infection while 3 control pigs in the expe~iment 
developed clinical signs of swine dysente~y. Weste~n 
blot analyses of the se~um samples from these pigs 
revealed qualitative differences in the antibody 
responses between the two g~oups of pigs. Fu~the~ 
experiments have substantiated these findings (data not 
shown). 
Al I 6 pigs in this expe~iment had preimmunization 
antibodies cross-reactive with antigens of T. 
hyodysente~iae. These antibodies may have been induced 
by other bacteria that cross react with T. hyodysente~iae 
o~ by p~evious undetected exposure to the specific 
o~ganism. This latte~ possibility Is unlikely since ali 
pigs were culturally negative fo~ I. hyodysenteriae prio~ 
to experimentation. Another possibile explanation would 
be the appearence of hidden p~otein epitopes that 
cross-~eact with othe~ o~ganisms exposed fol lowing 
denaturation of the OMPs durIng SDS-PAGE. Detection of 
antibodies which react with seve~al T. hyodysente~iae 
OMPs in sera from noninfected pigs was not unusual. 
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Similar findings have been reported when normal 
pre-exposure or acute phase human sera have been tested 
for antibodies to OMPs of H. influenzae type b (12), 
Campylobacter .ie,juni (15) and N. meningitidis (18). 
Only the immunized pigs in both experiments developed 
antibodies to low molecular weight (14 and 19 kDa) T. 
hyodysenteriae antigens. The control pigs failed to 
develop antibodies to these antigens but the pigs did 
respond to many of the other T. hyodysenteriae antigens. 
These results indicate these low molecular weight 
antigens are important in the protective immune response 
to I. hyodysenteriae. Sodium meta-periodate or 
proteinase K treatment of the OMP preparation before 
western blot analysis indicated that these epitopes are 
at least partially proteinaceous, and may contain limited 
carbohydrate affected by oxidation with periodate. It 
appears however, that periodate can affect the 
antigenicity of protein antigens, as evidenced by the 
abrogation of antibody reactive with BSA after periodate 
treatment (data not shown). Lipase treatment of the OMP 
on nitrocellulose strips indicated that these antigens 
are probably lipid associated (Fig. 3, lane 5). Wu and 
Heath (21) reported that the lipid A associated protein 
(LAP)~ from the outer membrane of Gram-negative 
organisms, is sensitive to pronase digestion. Wober and 
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Alaupovic (20) have shown that the further the 
proteinaceous antigenic sites are from the lipid A the 
more they are destroyed by pronase treatment. If the low 
molecular weight antigens of T. hyodysenteriae were 
composed of LAP it could explain why they were lost by 
proteinase K and lipase treatment. The reason this 
material does not stain with CBB may be due to its low 
concentration, or that it lacks enough aromatic amino 
acids to be adequately stained by CBB. 
Comparison of the OMP profiles with partially 
purified T. hyodysenteriae antigen revealed that some 
portions of the LPS as well as the hemolysin of I. 
hyodysenteriae migrate in the same region as the 
protectIve antigens. Western blot tests of these 
antigens indicate the presence of antibodies to both of 
these antigens in convalescent serum (Fig. 5). 
In an effort to examine whether pigs respond to I. 
hyodysenteriae infection with a specific anti-I. 
hyodysenteriae secretory IgA immune response in the 
colon, colonic samples were collected at necropsy from 
infected pigs and analyzed for I. hyodysenteriae specific 
IgA. In swine protected by previous immunization, IgA 
directed against T. hyodysenteriae antigens were 
observed. These antibodies were directed against the 
same low molecular weight antigens as the serum 
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antibodies (Fig. 4). This is further evidence that 
antibody to these antigens is important in protection. 
This also supports the role of secretory IgA in the 
protective immune response against T. hyodysenteriae. 
Protective sows milk also contained antibody to a 31 kDa 
antigen. Antibody to this antigen was also detected in 
non-protective sows milk which indicates this antigen 
does not playa role in protection. 
It had been previously shown that porcine colonic 
washings contained IgG to multiple antigens of T. 
hyodysenteriae (6). The presence of anti-To 
hyodysenteriae IgA in colonic washings would be expected 
to inhibit the organisms ability to colonize the mucosa, 
however, plasma leakage into the intestinal lumen during 
early dysentery may al low anti-I. hyodysenteriae serum 
antibody to exert a protective effect as well. 
It is apparent from current work that a specific 
immune response is elicited to various antigens of T. 
hyodysenteriae after infection or immunization. Of 
particular interest are the antigens at 14 and 19 kDa, 
which may be protective antigens. These antigens may 
also be virul~nce factors that elicit protective 
responses in pigs measured by the presence of antibodies 
in the serum, milk and colon. It appears necessary to 
stimulate an immune response to these antigens in 
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attempts to protect swine from swine dysentery by 
immunization. Whether the individual antigens detected 
by convalescent or immunized pig sera are protective 
against disease needs to be determined. This may be 
possible by immunization with purified or cloned antigens 
or by passive protection with monoclonal antibodies 
specific for these antigens. 
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Fig. 1. WesteLn blot analysis of seLum antibody against 
OM antigens of I. hyodvsenteLiae stLain B204: 
Lanes 1-6: PLe-immunization seLums, 
Lanes 7-9: Immunized pig seLum two wks afteL 
immunization, befoLe challenge, 
Lanes 10-12: SeLum fLom non-vaccinated pigs, 
Lanes 13-15: SeLum fLom vaccinated, immune pigs 
2 wks afteL challenge, 
Lanes 16-17: SeLum fLom pigs with acute swIne 
dysenteLY 2 wks afteL challenge. 
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Table 1. Clinical signs (ave.) and % culture 
positive OMP vaccinated and control pigsa 
Experiment 1 : 
Day 7 Day 14 
Culture C~ ~u 1 tur~ ~~ 
V (n=3) 66% 0.33 66% 0.33 
C (n=3) 100% 2.0 100% 3.0 
( 1 dead) 
Experiment 2: 
Day 7 Day 14 
~u 1 tut:~ ~s Cy 1 tyr;:~ CS 
V (n=10) 50% 1.3 60% 1.6 
C (n=5) 80% 2.2 80% 2.25 
(1 dead) 
aClinical signs and culture detectable T. 
hyodysenter;:iae in OMP immunized (V) and 
non-immunized (C) swine, listed as days after 
challenge. CI inlcal signs (CS) was an average fecal 
score based on a scale from 0 (normal stool) to 3 
(watery diarrhea). 
114 
SECTION III. SEROTYPE SPECIFIC PROTECTION OF MICE 
FROM INFECTION WITH Treponema hyodysenteriae 
WITH MONOCLONAL ANTIBODY 
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ABSTRACT 
Resistance to Treponema hyodysenteriae infection was 
studied using a murine model. Serotype specific 
monoclonal antIbody (18.2) was used to passively protect 
mice (C3H/HeN) from infection with homologous serotype 
organisms <~. hyodysenteriae, B78, serotype 1). The 
monoclonal antibody did not protect mice from infection 
wIth a heterologous serotype (B204, serotype 2) organism. 
The protective response was also dose dependent. In 
vItro cultivation of ~. hyodysenteriae in the presence of 
this monoclonal antibody caused a decrease in motility 
and viabIlity of the organism. These results indicate 
that animals can be protected from infection with T. 
hyodysenteriae by passive administration of monoclonal 
antibodies. 
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INTRODUCTION 
Treponema hyodysenteriae causes a mucohemorrhagic 
diarrheal disease of swine known as swine dysentery 
(6,18). Several serotypes of the organism have been 
reported (2,13,15), and serotype specific protection of 
pigs to challenge has been shown (7). The mouse has been 
proposed as a model system for infectivity and 
pathogenicity of ~ hyodysenterlae (11,16). 
This study was conducted to examine the effect of a 
I. hyodysenteriae specific monoclonal antibody on the 
development of the disease in an experimental mouse 
model. The effect of the antibody on organisms grown in 
vitro was also studied. 
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MATERIALS AND METHODS 
Bacte~ia T. hyodysente~iae st~ains B78 (se~otype 
1) and B204 (se~otype 2) we~e f~om the cultu~e collection 
of D~. M. Wannemuehler, Iowa St~t~ Unive~sity, Ames. 
Iowa. O~ganisms were cultivated in t~ypticase soy broth 
(BBL Microbiology System, Cockeysville, Md.) supplemented 
with 5% heat-inactivated ho~se se~um (HyClone Inc., 
Logan, Utah), 0.5% yeast extract (BBL), 0.05% L-cysteine 
(Sigma Chemical Co., St. Louis, Mo.) (TSBYS) 
anaerobically, at 37 C. Cultu~es were grown to log phase 
(approximately 1.0 x 108 motile cells pe~ ml). In vitro 
growth was measured spectrophotometrically at 600 nm 
(Spec 20, Bausch & Lomb, Rochester, N.Y.). 
~ gng infection p~otocal Mice, C3H/HeN, we~e 
p~oduced and maintained in the animal care facilities of 
the College of Veterinary Med., Iowa State Univ., were 
housed In plastic cages, bedded in g~ound corn cobs at 
four mice per cage, and fed a standard mouse ration. 
Fou~ to 8 weeks old mice were challenged with 108 I. 
hyodysenteriae on two consecutive days. Mice were fasted 
and then inoculated intragast~ically using a stomach tube 
with 1 ml of culture on two consecutIve days 
(app~oximately 108 o~ganisms). Food was ~eturned to the 
mice 1 day afte~ the second inoculation. 
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Mice were killed by cervical dislocation ten days 
after they were infected. The cecum was examined for 
gross lesions, consistIng primarily of a profuse mucus 
exudate and cecal atrophy, and the contents were examined 
by darkfield microscopy and cultured to detect the number 
of I. hyodysenteriae colonizIng the cecum. 
Pour plate counts of I. hyodysenteriae colonizing 
the cecum were accomplished by the following procedure. 
The cecum were removed from the mice and individually 
weIghed in sterile plastic bags. A 1:100 dilution 
(wt/vol) was made in the bags by the addition of 0.01 M 
phosphate buffered saline, pH 7.4 (PBS). The cecums was 
disrupted In a stomacher tissue homogenizer (A. J. 
Steward Co., London) for 1 min. Serial dIlutIons of this 
suspensIon were made with PBS. Agar tubes, consisting of 
5 ml of TSBY and 0.6% Bactoagar (DIfco, Detroit, Mich.), 
were melted and equilIbrated to 45 C In a water bath. 
Sterile antibiotics and sheep red blood cells (SREC) were 
added to the agar tubes in appropriate concentrations 
along wIth 0.1 ml of the diluted cecal contents in 
duplicate. This suspension was then poured into 60 x 15 
mm sterile petri dIshes and allowed to cool and harden. 
Plates were incubated for 4 to 6 days at 37 C in 
anaerobic jars in an atmosphere of 10% CO2 , 10% hydrogen 
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and 80% nitrogen with palladium catalysts. Colonies were 
then counted. 
The concentrations of antibiotics (Sigma) used in 
the blood agar were spectimomycin (200 ug/ml), colistin 
methanesulfonate (250 ug/ml), vancomycin (250 ug/ml), 
rifampicin (500 ug/ml) and spiramycin (100 ug/ml), 
(Sigma) (13). The final concentration of sheep red blood 
cells was 5%. 
Monoclonal antibody Monoclonal antibodies (MAB) 
reactive to strains of T. hyodysenteriae were developed 
by the method of Colwell et al. (3). Briefly, BALB/c 
mice were immunized with lipopolysaccharide from T. 
hyodysenteriae and then revaccinated two weeks later, 24 
hrs before the fusion. Spleen cells from the mice were 
fused with a non-immunoglobulin secreting myeloma cel I 
line (X63-Ag8.653) in the presence of polyethylene glycol 
1500 (Boehringer Mannheim, West Germany). The fused 
cells were incubated in the presence of hypoxanthine, 
aminopterin, thymidine (HAT) supplement (Sigma). Culture 
supernatant from wells displaying hybrids was tested for 
the presence of antigen-specific antibody by the 
enzyme-labeled immunosorbent assay (ELISA) (5). 
ELISA Whole cells of I. hyodysenteriae strains 
or T. Innocens strains were coated on 96 well microtiter 
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plates (Dynatech Laboratories Inc., Alexandria, VA) at a 
concentration of 10 ug dry wt. per well in 100 ul volume. 
Undiluted hybridoma culture supernatants were added to 
wells of the ELISA plate In dupl icate and incubated for 4 
hrs at 37 C or overnight at 4 C. Plates were washed 3 
times and blotted dry. Affinity purified goat anti-mouse 
Ig labeled with alkaline phosphatase (Southern 
Biotechnology Associates, Birmingham, Ala., SBA) was 
added to appropriate weI Is. Plates were incubated for 1 
hr at 37 C and then washed as before. Substrate was 
prepared fresh by dissolving p-nitrophenyl phosphate (1 
mg/ml; 'Sigma 104 phosphatase substrate) in 0.05M sodium 
carbonate buffer with O.OOlM MgCl 2 <pH 9.3) and added to 
each well in 100 ul volumes and incubated for 100 min at 
37 C. The resultIng absorbance was read at 405 nm using 
a Biotek EL310 photometer <Biotek Instruments, Winooski, 
Vt.>. 
Passive immunization Monoclonal antibodIes, 18.2 
and 41B.7, were used to passively immunize mice. Both 
antibodIes were of the IgM isotype, however, MAB 18.2 is 
reactive only to serotype 1 T. hyodysenteriae while MAB 
41B.7 reacts with all serotypes of the organism. 
Monoclonal antibody was precipitated from culture 
supernatant by the addition of saturated ammonium sulfate 
to 40%, followed by exhaustive dialysis against 0.5M 
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phosphate buffered saline, pH 7.4. Mice received various 
doses of MAB in 0.1 ml volumes 2 days prior to chal lenge. 
Mice were passively immunized by various routes with 0.1 
ml of various concentrations of antibody (Ab) from 0 to 
200 ug protein. 
Transmission electron microscopy A mouse cecum 
with typical gross lesions was prepared for transmission 
electron microscopy by fixation in equal parts of 3.6% 
glutaraldehyde in distil led water, 0.2M Na cacodylate 
bu~fer, pH 6.5, and 1.5 mg/ml ruthenium red in distilled 
water for 2 hr. After fixation the tissue was stained 
with Os04' dehydrated and examined. 
Cyclophosphamide treatment of ~ and fluorescent 
antibody ~ Two groups of mice were given 100 ug/kg 
of cyclophosphamide (Cytoxin- Bristol Meyers, Syracuse, 
N.Y.) intravenously (i.v.). One group was left 
untreated. Two days later all mice were inoculated with 
I. hyodysenteriae strain B78 on two consecutive days. On 
the next day half of the treated mice were passively 
immunized i.v. with either 5 or 50 ug of monoclonal 
antibody. Ten days later the mice were killed"and their 
ceca were removed. Cecal contents were diluted 1:100 
(wt/vol) in PBS and then spread on glass microscope 
slides with cotton applicators. After the slides air 
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dried they were fixed in ethanol, chloroform, and 
formalin (6:3:1) for 5 min followed by three washes of 5 
min in methanol. Slides were stored at -70 C until used. 
Slides were stained with FITC labeled goat anti-mouse Ig 
(SBA) and examined with a fluorescent microscope. T. 
hyodysenteriae cells were identified by their 
characteristic spiral morphology. 
The in vitro effect Qf monoclonal antibody on ~. 
hyodysenteriae The effect of monoclonal antibody on 
~. hyodysenteriae cultivated in vitro was examined by 
incorporating 5 or 50 ug/ml protein of 18.2 MAB, or 50 
ug/ml protein of 41B.7 MAB, in 10 ml of TSBYS with or 
without the addition of guinea pig complement (C/). 
After the addition of 1 x 106 log phase I. hyodysenteriae 
strain B78, plate counts of remaining viable bacteria 
were taken at 3 hr and the optical density (O.D.) 
measured hourly at 600 nm. The motility of the organisms 
was also monitored hourly for the first three hours of 
incubation by darkfield examination of a wet mount from 
each tube and counting the percent motile organisms in 
200 spirochetes (Table 3). 
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RESULTS 
Passive pLotection Qy vaLlous Loutes Mice weLe 
passively immunized by vaLlous Loutes. All Loutes showed 
deCLeases in the peLcentage of mice with gLOSS cecitis, 
peLcent cultuLe positive and peLcent daLkfield positive 
(Table 1). Cecitis was pLesent in 77.8% of the contLol 
mIce. ExaminatIon of the cecum of a contLol mouse by 
electLon micLoscoPY Levealed the pLesence of spiLochetes 
in the CLyptS of the cecum, appaLently moving thLough the 
pLofuse mucous exudate (Fig. 1), and undeL necLotic cel Is 
in the CLypt wall (Fig. 2). DiaLLhea was not pLoduced in 
any of the mice and no gLOSS signs weLe evident in the 
small OL laLge intestine. 
T. hyodysenteLiae was detected by cultuLe and by 
diLect examInation with daLkfIeld micLoscoPY in 55.6% and 
66.7% of contLol mice Lespectively. FeweL of the 
antibody tLeated mice had cecitis, Langing fLom 25% for 
the i.v. tLeatment gLOUP, 28.5 % fOL the intLagastLic 
(I.g.) gLOUP and 37.5% for the IntLaperitoneally (i.p.) 
tLeated gLOUP. The antibody tLeated gLOUPS also had 
fewer mice with detectable T. hyodysenterIae (Table 1), 
The gLOUP tLeated with antibody by the l.v. Loute had the 
lowest peLcent cecItis and detectable T. hyodysenteriae 
so this rout~ was chn~~n for further exper!m~~ts. 
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The amount of antibody given i.v. which is necessa~y 
to p~ovide p~otection f~om T. hyodysente~iae was examined 
(Table 2). The se~otype specIficity of the p~otective 
~esponse was also examined by infecting one g~oup of mice 
with a hete~ologous se~otype T. hyodysente~iae, st~aIn 
B204. Infection with the hete~ologous se~otype o~ganism 
was not hinde~ed by 100 ug of MAB 18.2. 
The 18.2 MAB had no p~otective effect below 100 ug 
p~otein. At this level of antIbody all mice we~e 
p~otected f~om cecitis and only 1 of 8 had ~ 
hyodysente~iae detectable by cultu~e. Monoclonal 
antibody, 41B.7, ~eactlve against both T. hyodysente~iae 
se~otypes 1 and 2, did not p~otect mIce f~om colonization 
with se~otype 1 T. hyodysenteriae. 
Motility of the o~ganisms incubated fo~ th~ee hou~s 
in the p~esence of 50 ug/ml of the MAB 18.2 dec~eased to 
60% in the p~esence of guInea pig complement and 67% 
wIthout complement (Table 3). Motility of the o~ganisms 
dec~eased steadily du~Ing incubatIon. O~ganisms 
incubated in the same media without antibody and with o~ 
wIthout complement we~e 87% motile afte~ th~ee hou~s 
while o~ganisms g~own In the p~esence of 5 ug/ml MAB had 
fewe~ motIle o~ganisms than cont~ols but mo~e motile 
o~ganisms than the 50 ug/ml g~oup. Tubes that contained 
guinea pig complement had lowe~ viable cell counts afte~ 
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three hours IncubatIon and tubes that contaIned both 
antIbody and c,omplement also had lower vIable cell counts 
than controls (Table 3). The tubes contaInIng the 
serotype specIfIc antIbody 18.2 had hIgher vIable cell 
counts when also Incubated wIth complement than dId the 
41B.7 MAB (Table 3). 
Cecal smears of cyclophosphamIde treated or control 
mice infected with ~. hyodysenteriae followed by I.v. 
injectIon of MAB 18.2 were stained with FITC - labeled 
anti-mouse antibody. Examination of the slides revealed 
the presence of mouse antIbody on bacterIa with the 
characteristic spirochete morphology. Mice that were 
treated wIth cyclophosphamide but not passively Immunized 
with MAB did not have detectable antIbody labeled 
spIrochetes, although these mIce had ~. hyodysenterlae 
present In theIr ceca as detected by blood agar plate 
culture. 
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DISCUSSION 
When mIce weLe·Infected wIth ~. hyodysenterIae, 
strain B78 (seLotype 1), and examIned by electron 
microscopy, spiLochetes were seen in Intestinal crypts 
and under necLotIc, sloughIng epIthelIal cells. Albassam 
et al. (i) noted similaL fIndIngs by electron mIcroscopIc 
examInatIon of IntestInes from expeLImentally Infected 
pIgs. MIce whIch weLe passIvely Immunized with the 
serotype specific MAB 18.2, had fewer Indications of 
cecitis and fewer Incidents of detectable ~. 
hyodysenterlae in theiL ceca than non-antibody treated 
mice. It was found that the best route of antIbody 
administLatIon, to pLovide pLotection of the mice from 
infectIon wIth a subsequent challenge of T. 
hyodysenteriae, was by i.v. inJectIon. The amount of 
antIbody needed to prevent colonIzation wIth the organIsm 
was at least 100 ug of pLotein of the ammonium sulfate 
pLecipltated and concentLated antibody. A heteLologous 
seLotype (serotype 2, stLain B204) ~. hyodysenteriae was 
not elImInated fLom the ceca of infected mice by 
administLation of 100 ug pLotein of MAB 18.2. When a ~. 
hyodysenterlae specIfIc MAB was used that was not 
seLotype specIfIc, it did not protect or lead to 
elimInatIon of the organIsm ·from the ceca of Infected 
mIce. 
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In vItr'o gr'owth studIes. IndIcated that the ser'otype 
specIfIc antIbody, 18.2, dId have a kIlling effect on the 
bacter'Ia after' thr'ee hour's of gr'owth In the pr'esence of 
guinea pig complement, as evIdenced by lower' plate 
counts. The optIcal density of the media containIng the 
gr'owing or'ganisms dId not var'Y gr'eatly between gr'oups. 
However', the per'cent of motIle bacter'Ia did var'Y with 
tr'eatments, with a dr'astlc r'eduction when or'ganisms wer'e 
Incubated wIth antIbody and complement. MotIlIty was 
less in the pr'esence of 50 ug/ml MAB than 5 ug/ml MAB. 
Viable cell counts and motIlIty wer'e also lower in the 
pr'esence of MAB 41B.7 and complement. It was appar'ent 
that both MABs fixed complement in vitr'o, which had a 
deleter'Ious effect on the or'ganisms. However', in vIvo 
only the serotype specifIc MAB pr'otected mice, whIch 
ar'gues against a prominent r'ole for' complement In in vivo 
pr'otection, at least with the mUr'ine dIsease model. 
Fluor'escent antIbody staining of cecal smear's of 
Infected mIce t~eated with cyclophosphamIde and then 
tr'eated with MAB 18.2 r'evealed antibody on the sUr'face of 
spirochetes pr'esent In the mouse ceca. Since 
cyclophosphamide inhibits antibody pr'oduction, the 
antibody detected on the surface of the spIr'ochetes 
should be passIvely administer'ed MAB that entered the 
cecum after' I.v. Inoculation. ThIs experIment pr'ovides 
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evidence that serum antibody may enter the cecum during 
~. hyodysenteriae Induced cecItis in mice. In the cecum 
• 
this antIbody can bInd to the spirochete ~nd may inhIbIt 
motIlIty of the organism. The antibody may also act to 
kIll ~. hyodysenteriae cells in the presence of 
complement. Others have used MAB, passively admInIstered 
intraperitoneally (i.p.), to protect mIce from a previous 
i.p. challenge by K1 - encapsulated EscherichIa £Ql1 wIth 
some success (12). Also I.p. adminIstered MAB was used 
to protect mIce from an Intramuscular challenge with 
ClostridIum chayyoei (17). The present work, showIng 
protection In the IntestInal tract to a non-invasIve 
pathogen, is an indIcation that i.v. administered MAB can 
have an effect In the intestinal tract. 
It has been reported that normal swine serum as a 
source of complement, plus specific heat-inactivated 
rabbIt antiserum to formalinIzed whole cells of I. 
hyodysenterlae, or serum from hyper ImmunIzed or 
convalescent swine, were lytic for ~. hyodysenterlae In 
vitro (9). The monoclonal antIbodIes Investigated here 
do have a killing effect In the presence of complement 
and also a Inhibitory effect on motIlity of the organIsm. 
The inhIbItion of motility may result from death, 
inhIbItIon of energy productIon by the organism, or 
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inhIbItIon of the fluidity of the undulating outer 
membrane covering the flagella of the organism. 
Serotype specIfIc protection from InvasIon of the 
lamIna proprIa In swine ligated colonIc loops has been 
shown in convalescent swine (10) or in susceptIble loops 
inoculated with homologous serotype antisera (8). In the 
present study similar results were found in the mouse 
model using a serotype specifIc monoclonal antibody. 
This is consistent with earlier reports which showed that 
pigs which had recovered from swine dysentery were also 
immune to rechallenge with the homologous serotype (7) 
and possible heterologous serotypes (4). The 
lipopolysaccharide of the organism is the basis for 
serotype specificity in this species (2,14). These 
results indicate that the LPS is important in the 
pathogenesis of lesions in the mouse model. 
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Fig. 1. Spirochete (see arrow) within mucous strands in 
crypt of ~. hyodysenterlae Infected mouse 
cecum. Magnification 34,000. 
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Fig. 2 Spirochetes (see arrow) under necrotic, 
sloughing epithelial cell in cecal crypt of T. 
hyodysenteriae infected mouse. Magnification 
16,200. 
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Table 1. Passive ProtectIon of mIce wIth MAB 
given by varIous routes 
Treatment % wI th gross % cu 1 ture % 
lesions posItIve 
Control 77.8 55.6 
n=9 
Intravascular 
antIbody 25* 25* 
n=8 
Intraperitoneal 
antibody 37.5** 25* 
n=8 
Intragastric 
antIbody 28.5** 28.5** 
n=7 
darkfield 
positive 
66.7 
25* 
25* 
28.5** 
*Significant at P < .05, Chi-square test. 
**Significant at P < .1, Chi-square test. 
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Table 2. Concentration of MAB necessary for protectIon 
Treatmenta 
Experiment 1 
Control 
n=6 
5 ug Ab 
18.2 n=6 
25ug Ab 
18.2 n=6 
100ug Ab 
18.2 n=6 
250ug Ab 
18.2 n=6 
100ug Ab 
18.2 n=6 
ExperIment 2 
A 
33% 
33% 
33% 
66.6% 
Control 25% 
n=4 
5 ug Ab 
18.2 n=4 
50ug Ab 
18.2 n=4 
100ug Ab 
18.2 n=4 
100ug Ab 
41B.7 n=4 
25% 
25% 
25% 
(not serotype specIfic) 
B 
1.85 
x10 6 
1. 71 
x10 6 
3.73 
x10 6 
o 
o 
77.8 
x10 6 
3.3 
x10 3 
7 0 
x103 
7.8 
x103 
0.6 
x102 
4.3 
x10 3 
C 
100% 
100% 
100% 
o 
o 
100% 
D 
B78, 
serotype 1 
II 
II 
II 
II 
B204 
serotype 2 
100% B78 
serotype 1 
75% II 
75% II 
25% II 
75% II 
aA= % mice with cecitis, B= # T. hyodysenteriae 
per gm cecum, C= % mice culture positIve, D= strain and 
serotype of I. hyodysenteriae used for infectIon. 
*SIgnificant at P < .025, Chi-square test. 
**SIgnificant at P < .05, ChI-square test. 
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Table 3. In vitrti growth of ~. hyodysenteciae 
with or without complement and MABa 
TreatmentO Ih-A B 2h-A B 3h-A B 
Cont.w/oC" .115 
n=4 
96.5% .132 92% .128 87%, 
Cont .w/C" .112 
n=4 
92% 
5ugAb18.2 .134 90% 
w/oC" n=2 
5ugAb18.2 .101 84% 
w/C" n=2 
50ugAb18.2 .092 78% 
w/oC" n=4 
50ugAb18.2 .117 70% 
w/C" n=4 
50ugAb41B.7 .098 85% 
w/oC" n=2 
50ugAb41B.7 .113 44% 
w/C" n=2 
. 127 92 • 5% • 130 
.148 86% .148 
. 11 6 77% • 122 
.114 75% .116 
.118 62% .123 
.130 88% .138 
.135 58% .150 
aSerotype 1 specIfic MAB - Ab 18.2. 
Non-serotype specific MAB - Ab 41B.7. 
bA Columns - Optical Density at 600nm. 
87% 
84% 
79% 
67% 
60% 
80% 
32% 
B Columns - Average percent motIle organisms. 
C Column - Colony forming units x 10 after 
3 hrs incubation. 
C 
2.4 
1.3 
3.9 
.37 
3.4 
.51 
4.9 
.05 
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GENERAL SUMMARY 
Outer membrane proteins (OMP) of Treponema 
hyodysenterieae were extracted by a number of methods. 
Extraction with N-Iauryl sarcosine, followed by 
SDS-PAGE, allowed for the dIfferentiatIon of T. 
hyodysenteriae from~. innocens. These T. hyodysenteriae 
profIles were stable between serotypes or after many in 
vitro passages. After growth in the presence of an iron 
chelator, desferal mesylate, a new OMP was visible after 
SDS-PAGE which had a m.w. of 70 kDa. OMP profiles of I. 
innocens revealed thIs group to be heterogeneous. 
Western blotting of OMP extracts was used to examine 
the Immune response of swine to infectIon or ImmunIzatIon 
with T. hvodysenteriae. Pigs were immunized with 
sarcosIne extracted OMPs and protected from challenge. 
Immune and convalescent swine serum contained antibody 
reactIve to antigens not recognIzed by antibodies from 
non-protected, diseased pigs. Antibody to these 
antIgens, which migrate as 14 and 19kDa polypeptides, may 
be protective and these antigens may be virulence factors 
of the organIsm. Enzyme treatment showed these antIgens 
were sensitive to proteinase K and lipase. Serum from 
protected pIgs had antibody to LPS and hemolysIn Isolated 
from T. hyodysenteriae. These antIgens had similar 
migratIon patterns in SDS-PAGE as the protective 
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antigens. Colonic antibody and antibody from protective 
sow mIlk, react with several OMP antIgens, Including the 
suspected protective antigens. 
Finally', monoclonal antIbodies (MAB) were developed 
that react with I. hyodysenteriae. Serotype specific MAB 
was shown to passively protect mIce from subsequent 
challenge wIth homologous but not heterologous I. 
hyodysenteriae. A non-serotype specific MAB dId not 
protect mice. The LPS molecule is the basIs for 
serospeciflcity. These results indicate that LPS may be 
an important virulence attribute of I. hyodysenteriae and 
that serum, coloniC, or milk antibody to this antigen may 
be important in protecting pigs from swine dysentery. 
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APPENDIX I. MONOCLONAL ANTIBODIES REACTIVE TO Treponema 
hvodvsenteriae AND Treponema Innocens 
Monoclonal antIbodIes (MAB) to straIns of ~. 
hvodysenteriae were developed by the methods of Colwell 
et ale (1). The MABs were produced In the laboratory of 
Dr. M.J. Wannemuehler. MABs were tested for reactIvIty 
wIth fIve serotypes of T. hyodysenteriae and with four 
lsolates of I. Innocens. The MABs were also identified 
as to their isotype. 
BALB/c mice were immunIzed with lipopolysaccharide 
or whole cells from~. hyodysenteriae strains 
intraperitoneally with 1 mg/ml antigen. Mice receIved a 
secondary immunization Intravascularly (i.v.) 24 hr 
before the fusion. Mice were sacrificed by cervical 
dIslocation, spleens were removed and passed through a 60 
mesh stainless steel screen to form a single cell 
suspension. Myeloma cells, from the X63-Ag8.653 
non-immunoglobulin secreting murine myeloma cell line, 
and spleen cells were washed sepa~ately In wa~m (37 C) 
RPMI 1640 (Sigma Chemical Co., St. Louis, Mo.). Myeloma 
and spleen cells we~e mixed at a ~atio of 1:5 
(respectively) in a 50ml corrical centrifuge tube and 
packed by cent~ifugation at 600 x g for 10 min. 
Supernatant fluid was discarded and the pel let was 
~esuspended in the ~esidual fluId to form a cell slurry 
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by gently tapping the bottom of the tube. Cells we~e 
fused by addI~g Iml of wa~med polyethylene glycol 1500 
(PEG) (Boeh~inge~ Mannheim, West Ge~many) d~opwlse wIth 
gentle mixIng. The mIxtu~e was Incubated for 1 min at 37 
C. The PEG and cell suspension was dIluted by d~opwise 
addItIon of 7 ml of RPM! 1640. Cells we~e cent~Ifuged 
and the supe~natant dlsca~ded. Cells we~e ~esuspended to 
a concent~atlon of 4 x 105 spleen cells pe~ ml In RPM! 
with 10% FCS (JR Scientific, Woodland, CA), 10% 
condItioned medIa, 20mM L-glutamlne (SIgma), 10 unlts/ml 
penIcIllin (Sigma), 10 ug/ml st~eptomycln (SIgma), 100 
ug/ml gentamIcIn (SIgma), 1 X MEM non-essentIal amIno 
acIds (SIgma) and 100 uM hypoxanthine, 0.4 uM 
aminopte~in, 16 uM thymidine supplement (HAT supplement, 
Sigma). Cells we~e dIspensed in 1 ml aliquots Into 24 
well flat-bottom plates (Costa~, Camb~Idge, Mass.) 
CondItioned medIum was p~epa~ed by suspendIng no~mal 
mouse spleen cells at a concent~ation of 1 x 106 cells/ml 
In the above medIa, wIthout HAT supplement, and then 
Incubated fo~ 24 h~ at 37 C with a 5% ca~bon dIoxIde 
atmosphe~e. Afte~ Incubation the suspensIon was 
cent~ifuged at 600 x 9 and the supe~natant collected and 
f~ozen in 50 ml aliquots at -20 C until needed. 
Afte~ one week of incubatIon, plates we~e obse~ved 
daily fo~ hyb~Idoma g~owth. Cultu~e supe~natants, f~om 
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wells displaying hybLidoma gLowth, weLe tested fOL the 
pLesence of antigen-specific antibody by the enzyme -
labeled immunosoLbent assay (ELISA) (2). Positive 
hybLidomas weLe subcloned by limiting dilution in media 
without HAT supplement, and expanded afteL 1-2 wks 
incubation. CultuLe supeLnatants weLe collected and 
stoLed fLozen at -20 C fOL lateL use OL the 
immunoglobulin was pLecipitated with 40% cold satuLated 
ammonium sulfate, followed by exhaustive dialysis against 
saline at 4 C. 
The ELISA pLoceduLe was modification of the methods 
of Engvall and PeLlmann (2). Plates weLe pLepaLed by 
suspending whole, washed, lyophilized tLeponemal cells 
(100 ug/ml, dLY weight) in fLesh O.lM sodium caLbonate 
buffeL (pH 9.6) and 100 ul of the suspension was added to 
each well (100 ul/ml) and incubated oveLnight at 4C. 
AfteL incubation of plates, unabsorbed antIgen was 
dlscaLded and the plates weLe washed thLee times with a 
solution of 0.85% NaCl and 0.05% Tween 20 (Fisher 
ScientIfic, FaiLlawn, NJ) (Tween-saline,TS). Plates weLe 
then incubated with 0.5% bovine seLum albumIn (BSA) In TS 
fOL 30 min at 37 C as a blocking agent. Plates weLe then 
washed thLee times wIth TS and blotted dLY. UndIluted 
hybLidoma cultuLe supeLnatants weLe added to duplIcate 
wells and Incubated fOL 4hr at 37 C or overnIght at 4 C. 
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Plates were then washed three tImes wIth TS, wells were 
filled with TS and allowed to incubate at room temp. for 
5 min and then washed three more times and blotted dry. 
Affinity purified goat anti-mouse immunoglobulin, labeled 
with alkaline phosphatase or horse radish peroxIdase 
(Southern BIotechnology Associates, Birmingham, Ala.) 
were added in 50 ul/well at a dilution of 1:2000 In TS. 
Plates were then incubated for lhr at 37 C on a rocker 
platform (Bellco Glass Inc., Vineland, NJ) and then 
washed as before. 
Substrate was prepared whIle the plates were 
incubating with the TS wash •. Substrate for alkaline 
phosphatase was prepared by dissolving p-nitrophenyl 
phosphate (1 mg/ml; Sigma 104 phosphatase substrate) in 
0.05M sodium carbonate buffer with O.OOlM magnesium 
chloride (Ph 9.3). Substrate for horseradish peroxIdase 
was prepared by addIng 5 ul 30% hydrogen peroxIde to 5 ml 
of 50mM citric acid pH 4 (solution A). Solution B was 
prepared by dIssolving 128 mg of 2-2 azino-di-ethyl 
benzothiazolin sulfonic acid (ABTS, Sigma) In 5ml of 
dIstIlled water. To make 15 ml of substrate solutIon 60 
ul of solution A were added with 150 ul of solution B to 
15 ml of 50mM citrIc acid pH 4. After the substrate was 
prepared it is added in 100 ul volume to each well of the 
plate, which was prevIously blotted dry. The alkalIne 
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phosphatase subst~ate was Incubated on the plate fo~ 100 
mIn befo~e the abso~bance of the wells was measu~ed at 
405nm. It was not gene~ally necessa~y to stop the colo~ 
~eaction of thIs subst~ate. Howeve~, the ~eaction can be 
stopped by the addItIon of an equal volume of O.lN NaOH. 
The pe~oxidase subst~ate was Incubated on the plate fo~ 
20 mIn befo~e the ~eaction was stopped by the addItion of 
100 ul of O.lN hyd~ofluo~Ic acId. The pe~oxidase 
~eaction must be stopped fo~.accu~ate ~eadings. The 
~esulting abso~bance of the colo~ reaction in the wells 
was measu~ed at 405nm. 
Monoclonal antibodies that showed ~eactivity to 
t~eponemal antIgens we~e tested fo~ ~eactivity to five 
se~otypes of I. hyodvsenteriae and fou~ isolates of I. 
Innocens. The Isotype of the MABs was tested usIng the 
ELISA p~ocedu~e dIscussed above. The MAB supe~natants 
we~e ~eacted wIth plates coated with SIgma anti-mouse 
polyvalent se~um (SIgma #M-8019) at a concent~ation of 
O.lmg d~y we I ght/ml In O.lM sodIum ca~bonate buffe~, pH 
9.6 wIth each well ~eceiving a 0.1 ml volume. Afte~ 
IncubatIon of the supe~natant the plates we~e ~eacted 
wIth eithe~ affinIty pu~ified goat antI-mouse IgG, IgM o~ 
IgA labeled wIth ho~se~adish pe~oxidase (Southe~n 
BIotech. Assoc. Inc., BI~mIngham, Ala.) at the 
app~op~Iate dIlutIons. Se~otype ~eactivity and Isotype 
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of some of the MABs that weLe developed aLe listed in 
Table 1. 
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Table 1. MAB reactlyity and isotype 
MAB T. byo9Y§~Dt~(lg~ II IDDQ~~!J~ isolates 
Serotype 1 , 2, 3, 4, 7 B256 4/71 B1555a B6571 P43 
Classa 
B78,7.7 ?b + + + + NDc + ND ND ND 
B78,18.1 ? + + + 
B78,18.2 M + 
B78,18.3 M + + ND 
B78,20.5 ND + + + + ND + ND ND ND + 
B78,23.3 ND + ND + ND ND ND 
B234,2.4 G + + ND 
B234,6.3 M + + + + + + ND 
B256,11.5 ND + + + + + + ND ND" ND + 
B169,27.3 M + + + + + + ND ND ND + 
B169,27.5 ND + + + + + + ND ND ND + 
41B.7.2 ' M + + + + + + + + + ND 
41B.7.3 M + + + + + + ? + + + 
41B.7.8 M + + + + + + + + + ND 
41B.7.14 M + + + ? + + + + + ND 
39B.3 G + + + + + + + ND 
39B.4.1 M + + + + ? ? ? ND 
T18.4 M + + + ? ? ? ND ND ND ND 
T18.7 ? + + + + 
T18.10 ? + + ND 
T18.11 M ND + ND ND ND ND ND ND ND ND 
T22b.2 M + + + + + ? ? ? ? ND 
T22b.4 M ND + ND ND ND ND ND ND ND ND 
Nll.1 M + + + + + ? ? ? ? ND 
T34b.5 M ND + ND ND ND .ND ND ND ND ND 
AA 6.2 M ND + ND ND ND ND ND ND ND ND 
aa 2Qll M NIl + Nil NO NO Nil NIl NO NIl NO 
aClass = isotype (IgM, IgG 
b? = inconclusive results. 
or IgA) . 
cND = not done. 
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1. Colwell, D. E., K. A. Gollahon, J. R. McGhee, and S. 
M. Michalek. 1982. IgA hybLidomas: A method fOL 
geneLation in high numbeLs. J. Immunol. Meth. 
54:259-266. 
2. Engvall, E., and P. PeLlmann. 1971. Enzyme-lInked 
ImmunosoLbant assay (ELISA): quantItatIve assay of 
immunoglobulIn G. ImmunochemistLY 8:871-874. 
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APPENDIX II. APIZYM REACTIONS OF Treponema 
hyodysenteriae AND Treponema Innocens ISOLATES 
The APIZYM system is a semi-quantitative technique 
designed for the detectIon of bacterial enzyme activities 
(1). The technique is applicable to many specimen 
sources, including microorganisms, for the rapId study of 
19 enzymatic reactIons. This technique assays for 
constItutive enzymes. Inducible enzymes can be detected 
by adding the corresponding inducer to the culture 
medium. In 1979, Hunter and Wood (2) published a report 
using the APIZYM system for the classIfication of 
spirochetes associated with swine dysentery. TheIr 
report, however, included only strains isolated in 
England. 
ThIs appendix is Intended to provide further 
evidence for the usefulness of this technique to 
differentiate T. hyodysenteriae isolates from ~. 
innocens. It was found that this system could 
differentiate between these species by a consistent 
difference in one enzyme. This enzyme, alpha -
galactosidase (enzyme 13), was consistently present in I. 
innocens isolates, but consistently absent in ~. 
hyodysenteriae isolates. 
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A bacterial suspension with a turbidity between a 
McFarland No.5 and No.6 standard was prepared. Pure 
growth from a centrifuged 10 ml, 18 hr log phase, broth 
culture was used to prepare the suspension in broth. 
APIZYM strips were placed in an incubation tray on top of 
5 ml of water. WIth a Pasteur pIpette, each microampule 
was Inoculated with two drops of the specimen. After 
inoculation the lid was placed on the tray and incubated 
for 4 hrs at 37C, in the dark. After incubation one drop 
of ampule A (Tris-HCl and SDS in water), and ampule B 
(Fast Blue BB in 2-methoxyethanol) were added and the 
color was allowed to develop for 5 min. 
After color development a value ranging from 0-5 (5 
= maximum intensity) was assigned corresponding to the 
colors developed, compared to the color chart enclosed 
with the APIZYM strIps. Microampule number and the 
enzyme assayed for are listed below: 
Ampule 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Enzyme 
control 
,l\mpule Enzyme 
16 Alpha-
glucosIdase 
Beta-
glucosIdase 
N-acetyl-
beta-glucos-
aminidase 
Alpha-
mannosldase 
Alpha-
fucosldase 
Alkaline phosphatase 
Esterase (C4) 
Esterase Lipase (C8) 
Lipase (C14) 
Leucine aminopeptidase 
Valine aminopeptIdase 
Cystine aminopeptIdase 
Trypsin 
Chymotrypsin 
Acid phosphatase 
Phosphoamidase 
Alpha-galactosIdase 
Beta-galactosIdase 
Beta-glucuronIdase 
17 
18 
19 
20 
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STRAIN ENZYMES 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
T. hyodyseoterlae 0=4 
B204-La 3 1 3 0 0 0 0 0 
B204-Hb3 1 3 0 0 0 0 0 
B204-Mc 4 1 2 0 0 0 0 0 
032 0 
032 0 
033 0 
5 0 
5 0 
5 0 
340 
320 
350 
o 
o 
o 
o 
o 
o 
B78-L 1 1 2 0 0 0 a a 0 2 2 0 3 0 2 0 0 0 0 
B78-H 2 1 2 0 0 0 0 0 0 2 2 0 5 0 4 2 0 0 0 
B169 4 1 1 0 0 0 a 0 a 3 2 0 5 0 5 3 0 0 0 
A1 3 1 2 0 0 0 0 0 0 3 2 0 5 0 4 3 0 0 0 
G 121 0 0 0 0 a a 320 5 0 130 0 0 
8430 3 1 2 0 0 0 0 0 0 4 2 0 3 0 2 1 0 0 0 
T. iooQceos 0=2 
B256 1 1 1 0 0 0 0 0 0 2 2 4 5 0 3 4 0 0 0 
4/71 1 1 1 0 0 0 0 a 0 2 2 4 5 0 3 3 0 0 0 
B1555a 2 2 4 0 1 0 0 1 0 4 3 3 5 0 1 0 0 0 0 
B6571 1 3 5 1 1 0 0 0 0 4 3 3 5 0 2 0 0 0 0 
B359 2 3 4 0 2 0 0 0 0 4 4 3 5 0 0 0 0 0 0 
B297 1 0 3 0 0 0 a a a 2 2 4 5 0 2 4 0 0 0 
B6830 1 4 1 0 1 a a 0 0 3 3 2 5 0 1 5 0 a a 
PA-5 1 a 3 a a 0 a a 0 2 2 2 4 0 3 2 0 0 0 
P43 1 1 3 0 a 0 a 0 0 3 2 3 5 0 2 a 0 a a 
aL = low passaged « 16 10 vItro passages) 
bH = high passaged () 54 10 vItro passages) 
cM = mouse relsolate (2 10 vitro passages) 
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1. The APIZYM system. 1979. Analytab P~oducts, 
P I a 1 n vIew, N. Y • 
2. Hunte~, D., and T. Wood. 1979. An evaluation of the 
APIZYM system as a means of classifying spirochetes 
associated with swine dysente~y. Vet. Rec. 
104:383-384. 
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APPENDIX III. INVESTIGATION OF AGE-RELATED RESPONSE TO 
ANTIGENS OF Treponema hyodysenteriae IN PIGS 
This experiment was undertaken to evaluate the 
age-related response of pigs to apparently protectIve 
antigens of I. hyodysenterlae. Earlier work has shown 
that mature pigs respond to immunization with a I. 
hyodysenterlae subunit vaccine by producing antibodies 
that unvaccinated and also unprotected pigs do not 
develop. Subsequent experiments showed that young, Just 
weaned, pigs did not respond to the vaccine by production 
of protective antibody. Therefore it became apparent 
that there may be an age-related ability to respond to 
vaccination by the production of apparently protective 
antibody. This experiment was to evaluate the efficacy 
of a subunit vaccine and the ability of three age groups 
of swine to respond to the immunIzation. 
MaterIals ~ methods Three groups of specific 
pathogen free pigs were purchased from H&K Enterprises, 
Ames, la. Group one consisted of six 18 lb. pigs. Group 
two consisted of six 30 lb. pIgs and group 3 of four 60 
lb. pigs. Half of the pigs in each group were immunized 
with a T. hyodysenteriae subunit vaccIne, consIsting of 
sarcosine extracted outer membrane (OM) antigens, with 
incomplete Freunds adjuvant (leF). The other half of 
each group were immunized with vaccine alone. All pigs 
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receIved 1 mg of proteIn per vaccInatIon. Groups of pIgs 
were housed separately. All pIgs were bled and sera 
collected at the following Intervals and dates: 
6/10/87 
6/26/87 
7/8/87 
7/22/87 
Pre-Bleed· 
11 days post first vaccination 
8 days post second vaccination 
13 days post Infection 
Pigs were weighed and vaccinated on 6/15/87 and 
6/30/87. Pigs that had receIved ICF with the fIrst 
immunization were boosted without adjuvant. All pigs 
were fasted and challenged on 7/9/87 and 7/10/87 wIth 109 
~.hyodysenteriae, straIn B204, serotype 2. All pIgs 
were examIned for sIgns of dIarrhea dally after 
challenge. All pigs were exsanguinated at 13 days post 
infection, weighed, blood collected, examined by necropsy 
for gross lesions and swabs were taken for I. 
hyodysenteriae isolation. Fecal material was also taken 
for extraction of colonic antIbody to I. hyodysenteriae. 
Antibody was measured by ELISA to I. hyodysenteriae whole 
cells. The antibody response to immunization was also 
evaluated by western blot analysis following antigen 
electrophresis by SDS-PAGE and transfer to 
nItrocellulose. Antibody was visualIzed wIth rabbIt 
anti-swIne IgG, labeled with horse radish peroxIdase, 
followed by o-dianisidine in 10mM Tris-HCI, pH 7.4 
buffer. 
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Results The three age groups of pigs were each 
divided in half as (a) having received vaccine with ICF, 
(b) vaccine without ICF. Table 1 depicts the average 
optical density of the anti-I. hyodysenteriae ELISA 
reactions at a serum dilution of 1:200, and the average 
rate of gain of the groups while infected. 
Data for indivIdual pigs are given in Table 2. 
These data include total number of clinical signs 
observed during the experiment (CST), culture at necropsy 
for presence of T. hyodysenteriae (CAN), gross lesions 
observed at necropsy (GL), weight gained (lbs.) since 
infected (WG), antibody response to I. hyodysenteriae 
expressed as the optical density (O.D.) of the antI-I. 
hyodysenteriae ELISA from a 1:200 dilution of serum and 
colonic antibody O.D. 
Western QlQi Serums from 7/8 and 7/22 pigs were 
reacted against transferred proteins from the vaccine 
preparation and against sonicated I. hyodysenteriae 
cells. Only pigs in groups 2(a) responded to the initial 
ImmunizatIon by productIon of antIbody to lower migrating 
antIgens. After InfectIon with I. hyodysenteriae one pig 
of each of the groups 1ea), Sea) and S(b) also developed 
antibody to these antigens as detected by western 
blotting with a serum dIlution of 1:100. 
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Colonic antibody Colonic contents were examined 
for the presence of anti-T. hyodysenteriae antIbody by 
ELISA. Optical densItIes of ELISA reactions are 
presented in Table 2. Only five of the anImals had 
detectable I. hyodysenteriae-specific antibodies. 
DiscussIon PIgs immunized with outer membrane 
antigens of I. hyodysenteriae, with or without IeF 
adjuvant, showed evidence of an age related abIlIty to 
respond to Immunization. In the youngest group 20% 
developed antibodies to lower migratIng antigens believed 
to be Important In protectIon. In the mIddle and older 
groups 50% developed antIbody to these antigens. 
The pigs given the vaccine in conjunction with leF 
adjuvant developed higher antibody levels than did the 
pigs not ImmunIzed with ICF. The pIgs gIven the vaccine 
with leF also had a higher rate of gain. The younger 
group of pigs had more clinIcal signs, more gross lesIons 
and more positive isolations of I. hyodysenteriae than 
the older groups. None of the pigs developed high 
amounts of detectable colonic antibody. Four of the six 
that had detectable colonic antIbody were also culture 
positive. 
In conclusion, It appears that the I. hyodysenteriae 
subunit vaccine is moderately efficacious, especially if 
given with IeF adjuvant. Pigs receiving the vaccine wIth 
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adjuvant had higher rates of gain, higher antibody 
responses, aS,detected by an anti-I. hyodysenteriae 
ELISA, more antibodies, as detected by the western blot 
procedure, and fewer clInical sIgns. There Is also 
evidence for an age-related response to the probable 
protectIve antIgens indicated by a decrease in the 
incidence of gross lesIons, observed at necropsy, in the 
older pigs. 
TABLE 1. Average optIcal density of the anti-To 
hyodysenteriae ELISA reaction from sera 
diluted 1 :200 
DATE l(a) l(b) 2(a) 2(b) 3(a) 3(b) 
6/10 .083 .003 .040 .099 . 111 .082 
6/2(5 .266 .144 .279 .177 .189 .339 
7/8 .325 .233 .336 .331 .312 .324 
V22 .445 .338 .522 .447 .472 .378 
Ave. wt . Gain 8.66 5.66 12.66 11.66 14 13 ( I bs. ) 
l(a). 18 lb. pigs immunized wI th Freunds 
incomplete adjuvant (FIA) 
1<b) • 18 lb. pigs immunized without FIA 
2(a). 30 lb. pigs immunized with FIA 
2(b) • 30 lb. pigs immunized without FIA 
3(a). 60 lb. pigs immunized with FIA 
3(b). 60 lb. pigs immu.nized without FIA 
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TABLE 2. Pathogenic Effects of I.. byodysenterlae 
Infection 
Group Plg# CST CAN WG 6/10 6/26 V8 7/22 CAb 1 :2 GL 
l(a) 1 1 9 .270 .406 .542 .613 mil d hyp 
w/ICF 2 2 + 10 .224 .183 .568 II II 
3 2 7 .167 .249 .312 II II 
1<b) 4 0 + 8 .056 .128 .277 .253 II II 
wlo ICF 5 3 + 1 .201 .281 .463 .113 II II 
6 2 + 8 .011 .104 .141 .295 .145 II II 
2(a) 7 0 13 .316 .445 .617 II II 
w/ICF 8 0 18 .158 .258 .258 .680 .031 NGL 
9 0 7 .264 .306 .350 NGL 
2(b) 10 0 + 10 .089 .212 .322 .596 mil d byp 
w/oICF 11 1 + 15 .113 .205 .375 .435 .100 II II 
12 0 10 .114 .296 .400 .100 NGL 
3(a) 13 0 + 8 .136 .200 .436 .595 .010 NGL 
w/ICF 14 0 20 .086 .177 .187 .360 NGL 
3(b) 15 0 15 .127 .336 .250 .387 NGL 
w/oICF 16 0 11 .036 .342 .598 .675 NGL 
CST = clinical signs of diarrhea observed. 
CAN = presence of 1:. bYQgyseDt~rl~~ detected 
by culture at necropsy. 
GL = gross lesions observed at necropsy. 
WG = w~lgbt gglD~g ( 1 b~ I ) SlD~~ ggt~ gf ~bgll~D9~, 
